12 United States Patent
Lee

US011688455B2

US 11,688,455 B2
Jun. 27, 2023

(10) Patent No.:
45) Date of Patent:

(54) SEMICONDUCTOR MEMORY SUBWORD
DRIVER CIRCUITS AND LAYOUT

(71) Applicant: Micron Technology, Inc., Boise, 1D
(US)

(72) Inventor: Kyuseok Lee, Boise, ID (US)

(73) Assignee: Micron Technology, Inc., Boise, 1D
(US)
(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21)  Appl. No.: 17/028,929

(22) Filed: Sep. 22, 2020
(65) Prior Publication Data
US 2022/0093158 Al Mar. 24, 2022
(51) Int. CL
G1IC 8/08 (2006.01)
GI1IC 11/408 (2006.01)
GI1IC 11/4097 (2006.01)
HOIL 27/105 (2023.01)
HOIL 29/423 (2006.01)
G11C 8/14 (2006.01)
(52) U.S. CL
CPC ..... G1IC 11/4085 (2013.01); G11C 11/4097

(2013.01); HOIL 27/105 (2013.01); HOIL
29/423 (2013.01); GI1C 8/08 (2013.01); GI1IC
8/14 (2013.01)

(58) Field of Classification Search
CPC ... G11C 11/4085; G11C 11/4097; G11C 8/08;

G11C 8/14; HO1L 27/105; HO1L 29/423
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,729,195 B2 6/2010 Youn et al.
9,583,152 B1* 2/2017 Jeong ...........cv...... HO1L 27/092
L0
T P type MOSFET area (802)
P,

6/2019 Mochida
2/2022 Suzuki

10,332,584 B2
11,257,532 B2

2004/0156259 Al 8/2004 Nimomiya et al.
2005/0219934 A1  10/2005 Hanzawa et al.
2005/0270889 Al  12/2005 Sekiguchi et al.
2006/0176758 Al 8/2006 Chun
2008/0165563 Al 7/2008 Ohgami
2010/0142246 Al 6/2010 Okahiro et al.
2012/0120706 Al 5/2012 Ohgami
2013/0155801 Al 6/2013 Yun et al.
2015/0055394 Al 2/2015 Iwasa et al.
2015/0117079 Al 4/2015 Yun et al.
2015/0255146 Al 9/2015 Mochida
(Continued)

FOREIGN PATENT DOCUMENTS

TW 405121 B 9/2000
TW 201322275 A 6/2013
(Continued)

OTHER PUBLICATTONS

ISR/'WO dated Dec. 28, 2021 for PCT Appl. No. PCT/US2021/
050105; pp. all.

(Continued)

Primary Examiner — Mushfique Siddique
(74) Attorney, Agent, or Firm — Dorsey & Whitney LLP

(57) ABSTRACT

In some examples, a subword driver block of a memory
device includes a first active region and a second active
region adjacent to each other. The first active region forms
drains/sources of a first and second transistors in a first
region; the second active region forms drains/sources of a
third and fourth transistors 1in a second region, where the first
and second regions are adjacent to each other. The first,
second, third and fourth transistors are coupled to a common
non-active potential via a shared contact overlaid over a
merged region between the first and second regions. The first

and second active regions may comprise N+ diflusion mate-
rials.

24 Claims, 17 Drawing Sheets

M type WSQFET area {¥04)

’}H
1;‘”L“*’s+ et

QI ?
*Ji_mﬂi %wr—---

m?is. 3
W14 emnf
YV m+H18 -]

4 W

{
o {
l

| e Diffusion(P+)
T Diusion{Ne
| Gals
7 Contactdiffusion) |
e [,oﬁtacﬂgate} :




US 11,688,455 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

2017/0005096 Al1* 1/2017 Lee .........co...... HOI1L 29/42356

2017/0103798 Al 4/2017 Mochida

2018/0166119 Al* 6/2018 Jeong .................. GI11C 11/4087

2019/0189186 Al* 6/2019 Won ..........cceevvn.. G11C 5/025

2020/0185024 Al 6/2020 Rehmeyer et al.

2021/0272613 Al* 9/2021 Jeong ......ccoooevrvvnnnenn, G11C 8/08

2022/0068350 Al 3/2022 Miyatake

2022/0068351 Al 3/2022 Shirako et al.

FOREIGN PATENT DOCUMENTS

WO 2022/047060 3/2022
WO 2022047062 3/2022
WO 2022066462 3/2022

OTHER PUBLICATIONS

TW Oflice Action dated May 3, 2022 for TW Application No.
110134830.

U.S. Appl. No. 17/006,730 titled “Memory Subword Driver Lay-
out” filed Aug. 28, 2020, pp. all pages of application as filed.
U.S. Appl. No. 17/009,722 titled “Memory Subword Driver Circuits
With Common Transistors at Word Lines” filed Aug. 28, 2020, pp.
all pages of application as filed.

PCT Application PCT/US21/47792 titled “Memory Subword Driver
Layout” filed Aug. 26, 2021, , pp. all pages of application as filed.

PCT Application PCT/US21/47796 titled “Memory Subword Driver
Circuits With Common Transistors at Word Lines” filed Aug. 26,
2021, pp. all pages of application as filed.

* cited by examiner



US 11,688,455 B2

Sheet 1 of 17

Jun. 27, 2023

U.S. Patent

SOAG- - 1o1EIRUSD) B dOOA O3IA
\ ZA0A LAAAY—A A TANA ‘dedA — ym

I

0 1 T3AA AEYA 73

~6€ Y107 | Jojeseuagy 20 e .v@

000 | e Lo
nmﬁ.m@wﬁ_ wv‘mu __________________ 11 ; |

P g T T g g T T g g e

e “ | §noud
b | e T S L J8p00s(d «
_ %EMEEQQ N

PSR S S SAg SR T SO SO S S S S S S A SOgr St e SO S S SOgS T SUg AP TR SO SUG S S S S SR S S S S S S SO T iy

T , E | LV b nduj

SSAPPY
PUBLULUOD

HH Tieellg
BERY o
O.J . 1 Je2iiy

. mz{ém

Hony
18podag { S s
HIG | sgaippy | V] °
J8po8(Q 100 _ QY10

ABINY 187 AJOUISIN zwwm,i

XA I

{304



¢ Hid ¥

ikt ¢ Wi
oo e, rmenee e,

L NN NN NN SR EBEEBEBEREBEBE BB BEBEEBEBERBEBRBEBEBNBESEBE EBEBEBEBEEEBEBEIEEBNEB.EBEBEREBEEEBENBEIEBEBEEBEBEEBEIBEERBSEBEBESEBEBEBEBBEBEEENEBEEEEBEENBEEEBEEBRBEEBEBEBEEBNBEBEBEBEEEBEBEBEBEBEBEEBEREBEEENSEBEBEERBEBERENEBEB.EBEBEBENEEBEEBEEBEREBEEE.BBEBEBEEBEBEENBEB.EBENEBEEEBEBBEBEBEBEBEEBEEBEBEBEBEEEEBEREBEBEBE.EBEBEEBEBEBEREBEEBEBBEEBEEBEEEBEREBEBEBEBEBEERBEBEENEEBEBNERBEBEEREEBEBEBREBEBEBEBEEBEEBEREREBEEEBEBEBREBNEEBENRBERBEBERBEBEEEBREBERERIEBERBIBIEIENENENERIIEBE.]I

US 11,688,455 B2

W o
m I T el T Gl
m D D W O3
WW S m
m BT R

i#i?.r.z..;h.f — RO,

B IR CRR S

" 2 2 W B L& 2 W E F a2 2 W E§ E S 2 8 FLLSEASSFR

GLEVHE < | GMIA

Sheet 2 of 17

E IEE WA E_+ | carr

EE 1

o | |
‘.
ST B 2LV 0LV
=

L+ 4 BN [IEX] KX TN KN AN [IEX] & EEN O ?ﬁ-- s TEK ECI [EXI KX T ] CEEr I3 [EXTF B EEN 4B BN -E1L KN Sl CEX: ECl IEX3I &3 TN LI X IEEF LIEX EEE 4B EIN CELL KN ECE 3] ECIX 31 [+ 5 TN {E’ XTI IXF LTax EEXE <E] 4EEEX EEE K

= f+i1irs s rireassrirsssiirs brirss trrrsstrrestrrrestrfiressTrirsssrregdasfFrreasbiitirsstfrres brrrasterrssfireas s rreassTrirasssliresgasrFirrerstriirensd sk tfire s ammdiddsidirbkhs sl e

[ EN X3 [N SN (31 B3 I N LN EN 'EHJ EIE N IS NIl IX7 EN I3 IN: SN EX1 X N 1IN XN HJ IK N “IK] A IXEF EN EEN [Er; SEE I3 33X BN [N KX EHS ENCG EN O] EN XEIJI IN: EF [(HCD =W N JE KN /3T ENX HF CE LN

& &2 r F¥F L2 & &2 & R E S W AL L LA S W F FASAWFFrR

U.S. Patent



US 11,688,455 B2

Sheet 3 of 17

Jun. 27, 2023

U.S. Patent

o
S
e

rl
r
k
F
r
" .
k
L L)
a - F - - - a
4 A
K
a ¥ r
. > !
. - . [) 1
1 - ; ) "
: ” : ” .“
. ' A
1 ) * : ]
. . v ' ,
. ' : ' 1
“ 3 * r ]
- . _. ' A
.. : _ : :
“ F - i r A
E F ”. r 1
: : : " ..
. ; ]
i N . .
. . ]
: : . ” :
; : .
, : ' . 1
“ r * " ?
. a
. N
4 ; . ' J
. . - : :
. . ' ' ]
; , : : :
o - ! r -
1 L ”. t -
a F F F F E A
3
] a
F
] ]
. _-” -
.L. a F F F 4 A F F F>=F F FA4d 3 FFFIFFFT S FFFs FFFFDFFEF*YS FFFFS FFEFEFE>>=FFFAd r FF*rI FFFAAEFEFRET I FEFEEF F 2 F F F FA4 F FFxy>=F FFA4 8 FF1T 3T FFFAdFFFTPFEFEFT A FFFFFEFEFT S FFFE>sS FFFA r FF>=4%% F FFA4dFFF1TFFFFAdEFEEFET FFEFEEAd FFEEFET !
F
r
|
F
r
PPN’ { ,
F
L
r
F
F
|
3
'
F
r
3
L
F
r
F
r
r
3
F
- - M ' ‘l‘. i....__".ll P I.I#.ll....ll_r preke  garhe el wiemh I.-. iﬂ‘l__. e vl e dwin ri'._. P .ll.‘ shaples - u.r‘_r.rtl r il .-IEJ j..r.l_l._. il i L .}_l-_ tl. .E.ll.l-ll__. L] I ‘i. .-.l_l.. --.T_. LI adm rein iI I Frelak ll.'.._l_ll._ 1!.-!_-.—__ I.;;allll i..it-l » : —_1 " : r L :.r._
- | w - '] - ¥ : 1 b - - ' 1 E L] - [ s - H [} > L] 1 F
h!..._.__ .__.-.._..-....._.1.... g B ‘-.._...n....__ LI 4,....._ ..:._....n.._. ._..__ -._._... .__.__._.__.n-._...._.__ .......... .v-_._...__..._. L .._....._" .__-_.__..__.....__ -..v .._..._._. .r.ﬂ...__! F 1 el TA s
3 - = - = - a - A - - . A - r N a - a - 4 - = . L - a - 2 -
-.I s T q " M 4T -..“u_ s T3 " gt wr -....-. s *r " M - -.-..u.-. s T " a0+ . ...-._--. s T ¢ * L . ...-._--. s T 4+ N - -.l.._. s T a1 * o wr -..-.-. s T
) - - - . - y - - » - - L] - . - oy - . - -r - - " -
1 l.l_“l.-.ﬂ! - ._Lll..l.‘.. I_I-i_-...—_l___..-.d..l_. -_l_.r.l_h- -y itl1r«'ﬂ+.ﬂ._.l.dl11t..“j!1.}.4«_lll] ..l..l!-..!l.l..l..‘.l. x ™ " -_re_ J._Ih..._ll.__l_ll..,.__ .'._l..-_l..__-l' Juow g mrwl nl.l.-....l]. _l_.l..ul.l.u = ._l..-1.-..l..-l_._l.-._.i_- —r e, ey i e s ..l.-_nill_1_r__..l... -
B m T k1 P n.n.._ ._.;..-.._..-. .t F ..".-... a __..—_i...:- ¥ .___..._ - . *a. F |._....._ N . ;.l.n.._.-r_.-.; L _... £ -r ;_l.n.._.-r_.r- L N r -.-....;_-.._.....-r_..n- 'F Hink r T g a __..-_-..'...._
4 F F F + 31 F FT > F FF+31FFT >4 FF+ 3 - 1..1...-'# Il. 1&. .n.lu. ll___lu.- = -t ] F 0 Jl.. .FH. -Iq .._II ._1.._. [ F ) - .-*u._..lr *Hn.—l .l.‘..._ -y ..-l__..l1._.ll L . .--. H L L) S .--.II....-lu .l_..l mm sl ._l.1.1'u L 1‘ -l.._. II._ = -J.-.lf _.-I-...-... = F .li .__lr l1uﬂ.ll 3].1 [ F L] .”. -
2 ..__-l._. : . = L .l... l.......--....l.._. .- -.-._.-- ....-..... -.-....1..-..- ....1.._ n.l. r" . k - -:__u..n ....l.._ hl..-.kn...u-. . L] .l.u..l:u-ui ...l.._ . - .-........-.n .
4 " r T v... P - ._-.._"... ....- 1. - ._.__..- . 4om P on Fa 4 . rT 4 , = 1+ P T - __ ......-... s Ton u- __ . = 0w ._L. ! 4
¥ . "~ - .._.—.._. PR LI, e " t ' L “ ' " . . R . t o1 " r r . L ...._.._....._..,._l
. 5 i ! ¥ -
N . .l_bar-.___h_.nl____.lar..-.l. -....irl-...ri.l-l__.r__r..llh.-nl..- ._.I.._r..l .._I..-..i.._mi.__ni...r..d.. Firi}.jir*i.ir}li L}E{r“mprf}i-ririr}.t I.l__ .......-....-..l.. L..l_rl.... rlr.l-.l, [T T ._I..i.r.-.__l._.-_lﬂi."_._._... o4
N . L u.-.‘... - __..vu.-u. "R ' . __..ruu._.- " ' . _...vlu.... o . . T wpg =" . - q._.l._.......__. - T, " - * . ; r . B L
.= .-...u. r..........._.- .= ., ¥ - .-.....u.l - ., * r..-..-._.ul .= L ) ) - T, ¥ r.._.q....._._l .= T, ¥ r.._.1...._l = .-..u. - - LI - _— ., *
- +u.._'..__... DI B R ._..-._._...__ noT .-._....__._. P I ) 3 3 __.-..'..._...,. I [ ........ y® T y T '.u - LA e, __.-1._“..__
o .
“ ptt:sifrifs.i.{# ._.4___._!_._-_..._.__ ..___._s.... ...i:.nii...i..._.!!. ._._!__"_.:t_._... .m_..i. ff..t_..u. :.._.u_.:..»l..__ :slwiirﬁi..li,...it B i b i _.__._i......_...__..___:....__.. i.".:.lii ..3._._. j..it.:..!_._.____idt_...:_.. .._...i..._.i&!.fﬂ.__t:‘t!:_ P p jg. ..u_r____. L a
4] + = * ._.- " + . p o= r o T o o - o, i A = L - " + - pom ) +l..._.I h. " o, a0 + = ._.! - " * . r - + = ._.I._..1 " pm ....l:.-..-. ._"
N T == o L __..-.H... ....-__. T = e L __..-.._..... ...- r == - 1.__.u..-.+ - * T = i LA LI . .... T == . L __.-_.ﬂ... -... T .-.l . L ...- T == "
.. [ . . + . [ . - . - . [ N ..
;i .ﬂfu o ! u.__.u._ it sesn "y e v Rk e l:rl..l__ _i_r:.u..__ I_I..:ra ____..._._. “Iu.:.!!. .I_I_ * _Ii_. ey v s trter CidT il ke Tihd PR e wodll mRil el B ek w _.__ul ._l...._ ._u_.__u._!.l:_P..... iy Py i3, e e iy bt T T
1] . n [T b -..T... . . . n ¥ oa b .-._,.. b n LI b .._. . ___Iq. . . . R ._ P .1.__-_:1. . ., a N ._..._.__.. .1.___.-__. r . e n L -. . . s N n N oL L..-. " L e N .n1r...
- L] L + ] L LI . T L) LI . [ . T [ L . T ] G . x 1 r ] L 1 L)
ol - ._..- L i-.q ..-..i [ ....- & U n.....L .-.._.. . !.. ._.- 4 H n-.__. .-u.. . | B T o -_. . u_.. ..1 ._.l i...__.. ..-.. ....... __... .__- n.__.. ..-.. - " - & i-__.- ..-...1-... ._..- .—_h n.q .-.-. . [ ...- & U
1 n > T 35 " a @ LI - r oy " P LI [ - 3 " P LI, - LI [ 4
a ...lI.lu_.ll.._-.l. ._..l.u...._.l..l.__ 1...1-.-“.{-!.!....". .I.W..:..l..-.wh...y.l.....l.l..“hl.....‘.l. ..l.l._. I.l.1.l..Iu...h..- l..“l.l...i._i.l.. o mam s s desln mpar 7 ll -.! I-.' IH. -..l.1.l..l _..l.q._l..‘.. .l..l -..l.. !l.-..l.l....u_l.. l..l._....lL._ l..l_....l..l-_.q-.l..._. l.'...l.l .l..l_....l..l.._..-q-i.__r_ll.!_._l.. ....l.l.._l..l.. [T v T 11 .l..l.n..n_.l.-...‘_l_.u...l.l.... o
: - - [ . ; r a r A r : r r : : . :
) o v " L e Tk - P L PR - P N . e F L " r [ " . 1" ._... P S - a1 [ P - n o . 1M - . . . 4 M - p =0 4 g
, ST N . Lo P Lot T L Saa s e N, L R R - ....-.__..-....... A R OV B P S T R D1 SR I N
L 4or T L LIS T 4 -4 T d T L L] Lol L] 4o r L L] r L -, i
A T + " L T + » T + " L 1 ) 1+ - T + " T + " T +
r - ]
.Ilnl_-...ﬂ.lﬂ._ll_l.#_l_nl.t.-l_i- .._ll_l__.lwl_l—_ .-I_ﬂ.utl._-lll..lllr..rﬂ. o= le"ltjr..r_ﬂ:lin 1-!.4““-’1._.? llhll_-__.-.__lll ﬂl;l.l.ll}lniil.l.__.-.hlll. l.ll..hlﬂ.l.......i.l_“.. r--...ﬂl_ll__-.l_ﬁl...qllr..lll xrin‘.l—lﬂ.hrll. llturnlq_-.-.__ll_-. ji}i-ﬂl‘l;‘l‘. ..ll_q.f.._l_l_l_.-.ml_l_-.hl_.l et
L, T LI R L, T LIS - . I | e w v F Yy L, R g ., a1 e L P | r e P, e ] . I, e
AT a L] ;- AT . L] p F BT ' r r T FRL s+ " ] a L + " FE - L + " A Y L L] . ¥ AT L L] * - ' .
. 1 r . nkEx __....L.__.. p r 4 r T ._..h.. .t - PR ._..h-_ LIS .n.._....._ B : e 2P . T bt v PR L PR 31 ’ . +Fw P >4 v P PRI ' -
L T I T I I e L O T L I S B LI BT .t ca Rt DT,

F F ¥ - F F FA4d F F F'r a3 FF FAFFFFSFFFAS r FFFFS FF1T3FFEF

-

&
&

&

& &
. E
*

FIE

Ml g aEE W3 el bRk G ER 0N LR DO W Ny ] e Db R B RS bR AR RWLE MR MirW WO AR [Nk o W )

L]
F [
K
[ Al
e W BARLE WM BN BSRE: WRR AR WA MRORL dAH7 BRI R BREE LW ML e e WP M WROM sMUE R B G MR AR RN L T A L. L O T
F
F [
H N LJ

ek A R sl HAY ROV A B ek B ek Wik debel b bk e veieme vl R e B el Tl ek vl ekl veeet A ; h ; ; . werbr il dedvee T Hehw e RN A vl R T e bR SR Y b e Worh e e P e el el R e R e Wk Jeed e R el e ek e Py

1
]
F
_arr—..-..-r—.r..-—.—.r._..-—.—.—...-—.—.—..—..r—.—.—...-...-—.—..—...-.—.—.—..—...-—.—.—...-.—.—.—..—...-—.—..—...-.ul—.—..—...-—.—.—.._..-—.—..—...-—.—.—..—.-.—.—.burr rkarr.—..—r—.ru.—.—..—..——.—.—.u..-—.—.—.._..-—.—.—...-—.—.—.u.-.—.—..—...-—.—.—..—.-.—.—.—..—..-—.—..—...-—.—.—...-...-—.—..—...-.—.—.—...-...-—.—.—...-.—.—.rﬂur F F FY F FFF¥S FFFEF*TFFTA PP
& % F FF* >FF F*>%F FF* >F F F* 2 FFF>2FFY2PFFFAPFFF+2PFFF>2FFF2PFFFA*"FFFAYFFFT>FFF1I Y PF F+ > F4 2 F F —.—..——.1—...-. 2 P F FI %" FFTF*T>FF F > 2 F F FA 1T F FT > P FFAFFFTY>PFFFA?FF+2PFFF*>2FF+22FF F FT*2*PF FF>2F F+2F FF>2F
L] r
X 13m] _F E_F | Lt H I a3 L F - F | LE_J N F | [} | I I 13FF W3 e 43N] S -IEF - N 4EE3I N +IN] W =N - F31 F F F T F F 31 FF F FTF* 3 F k. - EE IIE - A +EE)> I E hAEN- B3I -“ENF NN - 1IN I S I e 13RI a3 N 13m] -2 E_F B H BN I13m3 L+ E k| 1 _F - I NI N IIN] =3 N I B =

F r
. .
L
F
F
[ ]
L
F
F
[ ]
.

Los o B o o I R

b T b o L o T B o e e o I B e b B e il T e T e T T T T s e
Mkt el hoehl et M Dekid bR e WA bRl R ek e B A Wb AN ki e TR M ek

hal e T fedek Wl bR deide BeE AR A el el A AW

e avle ey ek oms sar- sk e ml

N RS USRI RS MG ORAR PG R PR RS B FLN LRI ML, SRS RN PR AR WA TR -_Il.-llln.l-_li..l-_-.ll-..lll_l-l_
vy, £ T " ra Fox by .-...n._....._.-.__.._."-L. u..nu...._.-.-.._."...-...._.n__......- L R T T L IR . 4+, T T _..hl._."-. +,1 7" LI R e I v F L
*o ._... - - K L e M " e o ¥ L. P w» 1 g A e . M ._... +h T e oA M ...._...1.__.. ._... Lo - T ....-..1..- ._... Lo# - F ....1-.. _n..._ Lr a tor ...-.....-.. 4 _...-. A
F Rk a4 N == P y 4w " N P [ PR L FE _F [ P B ar R o * Lt R . 1= _F PR FEE A F e _F s T ! au oA P T a 4 g 1
-__.l ...—n - . &k ...-.| ...u. - . &k -.—.| LI Y - . & ..-l ..._.m - . & -.- - - L - - L Loy r . @ L LR ] - i I . L]
[ ] = L ¥ 1 PR ..-l - Cat + " - L] - ™ * = : P - . L]
. u . u . u . u -
-n_nl__...._l-... l..-.-. .__n._._nl._..1._l._..1 |__||: +..n|._..1._.._._.. 1__-|.+._.._nl._..1._ru.. ..r..-l PR - r LI - — = - - - - - T __..._l-
N ....._.__.-._...___..._.1 L T .__.__.._.-......._......l T y .._#-..-..........._._ i 7 :4-.!....._7...-_ - A - I ._...__.__._.__1._..._..-.-. r ._.....__.__I._..._..-.-. ] N -.._...._..-.-. PR ....__...-.....____..
r - . L] r L . n - o . - - o . » L] * R » o 1 - L] u e
... .....E..urfmn.i._.l. l!hhh#.;ni-.rih{oifni l.._-__...r.-_._..._._ -i__.u.l.-..i...;f.__...t s 4 .-.l...qﬂ-.]. J;#.slr.rl-ihrﬂ-__- .-.._._.-__.r.._l.u.l..-._-...l..l .&I._. 1..# - T .-L-. .._-...lﬂ...__._-ll._p.-rl -._..__r._-.n..__.. tl.ur._____.!_r.ll P T ._...l:_.l_._l_ .__li_.l..f.n..-.!"i._..l.-ﬂ -..._-.__..il.....__-...._.r_...._.n_ g .._t_.
* g = P ] * g - P * g - . * g I PR ] . .
I T T R .-....-............rp- .na..n:........ru.. ..-...u: nu..-:__a .....1...- £ "
._l...._,..... 11-__. I.....-..-.,...; u__-__. . LIS . L] - E - T L.......-.
] + " L L I | LI L L] L} -
?i:iﬁifl‘;iliiﬁtriiliiinflr.if}i%i!rr?iﬁ!,;f
1.n‘_l-.s b -FL.L.” 1.n!-..—..r A -l.-l- v -.h-. T b
.- u..-...._.-r....-..._..-. . .-.-...__-r..-...-..v.l - .-.-...__ r.._...-.rv.l = . v .r.._...-.r._l . ._....1..__l ....l .-..-....__ _r..._.-.....
- - Soa P ] L 1 - L ® L 1 - S P F " - ..-_ 4 = LI Y ._l = " - 4 = +*
..+._.._l iﬂiunﬂigiﬂqifllﬂii.iii Ii‘liﬁ,i.iwilr!ij;.iull
-
. .1.. L b . o E om -..? .1.. - - . p " -
- -_qu......._ - .“ll . -_.-_..... - T
T . h . F oo . "k ..n.r LI
A mmm 1dsr map o gE 1mmy, _l..1.. lI 4mmm: l.'.._. ..IH .ll II 1!..& .I‘ _II II... bt ] -,..l..-1 II ...ulll II.... ]
[ n
: - ; .t r L. " : .o E
*. ._.._.....__ Fo, e R e N
! ’ = [ ] [ - ’ L]
mam e, L mam  Jecd L aam pmls Lamd . a'es” amg e s Lmma -l..ﬁ..-.l...l. .-..l—_ql.....ll-.-'.lll..__h: .l_.q..l.._ ib..-l..;lil ql..l....._.-."rl.'
. .ln l...._u.; Lt ..-.. l:._.-. L
£ .- P $ Tr P a " L]
- ..:......_...} ._...._. .“." .r....}._.._:! ._.....
L q Il L 4
iy iﬁufﬂ!:lttfu.‘lillditlﬂiﬂ-rﬂ_:ir}.i-iﬂlﬂfnj
.l .l.._....-..-. L, - ..1.._..h.-..-. -
' n ¥ o L ...Ll.Hr.'lu....--..- L] -L-H:
T 1 E - i r L
e T ' T L O B ok



US 11,688,455 B2

Sheet 4 of 17

Jun. 27, 2023

U.S. Patent

[0y JOIId)
7 L

< $00jg Jaliduy 8suag

r L | r T} . e A A R el [T _BER T THES T NNt T ¥ % LT | A Gl B [T T} e A S R L ] A g R L ] A R A AR F T R ERAE LR R L * T A Rl . R R . el . S s A ol . LT I T TR T r T} LT [T BEE T THES T gt T L' G Rl R ol LT | R A o - el LT R T}

-_—u - + T - - T A - - L
L L} L R R W e ] .

S B } 1M

197 AJOWBI

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

d 1 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S B

e e e e e e e o = s e e o= s = o = v = o b

w TMNA w

m TN

m v0r " w

m +++++++++++++++ sm.vm.ﬂm “

o ROig A PIOpM GG :
N20p



US 11,688,455 B2

Sheet 5 of 17

Jun. 27, 2023

U.S. Patent

“H. L _F | E k| L __H EEIE IENI EIm E Lk} LE _H EIE 4EE3I EIm N EEE: k| I3 = EN EEE- N 1. L F | EEE EEE: N [F L} L F | INE 43N] ENN 33 L F | E_F | EE] NN IJEF = E L | LE L}

" F
r L - M AN A e AN L R AR A Y RS L | A A RN RS e L B PR AR R L] R WS e . AR AR . . - . A AN RS RS O L] R AR R A - RS FEFE OEE . L L}
1. LT | LEm) SN LENS s S [P T LA - B A L L F | JEE A s L L F | JEE AEE A LEES . F_ ' | BLE EEaE LEES Eas F_ ' | LF T L " B T F E_" ' T L | LS . L L F 3 L - L. L . - A A LA L' 0 - AN A LEES A LT | LEmd SEE LEa.
i : ,
Fﬂ T My L "M AT Ty T, [ L ] EHTE T T . Ly} HTE T A WS - - AT W . -_ru T A . -_ru . T I . - -_E e . e - - T . e - - T . . - - 4T ETEE My L
m ﬂ M AT B AT A A ST B T W AR R B T O A R S AT W R T T T AR TR T A PRSP T RN , W A N N M R T O AT A A S R A A MR S R TR B MR T R TR
m m { : ”
r N Il EN i3I = EF Il EN I N1 Emm N Il EN 3N = N Il EN |31 = N 13 ] EIN Iy EEm N IIN] =N |IJEF = N I3l =N - H N Il =N - Il mEEm I E 43 =N 1IN} =N N Il NN INlNI =N N Il NN i3I = ENF Il NN I N1 =

EEF IIlN EHN 3N =3 IEEF INEN- EHN |33 =EE N Il EN |3NI = N 43N] EI N |31 = N 43N] E N IIlNF EE N IIlN] EINE |3 T = N IIN] EIN -IEI = N IEN] =N 1IN} EIm N Il EN I} =N I E Il N {3 I =HIm 3N Il EN i3I =3 I Il EN I3N1 &

F kF F FFFFFEFEFEEEFEEFEEFEEFEEFEE _§Z>

F F F FFFF

- T T T T

I-‘_-_'-I-‘_-_‘ﬂ

-
-
-

|+ P
+UINO - ”

rd

e R AN GRS

40

ﬂ,.............i.,_...,....w....i.._........HH....HH...BmMMHW -,

F F F F F F F F

F
k

F

F
F
F
F
[
k
E
¥ F F
k L. F F
b F F
k F
k
F
F
F

T TT*TTTTTTTTTTTTT™TT

rF +rFrFFrFrFr¥FrFFFFFFEFEFEFEEFEEFEEEFEEEFEEEFEEFEEEFREEEEFREEFEEEFEEFEEFEEFEEFEFREEFREEFEEFF

TAMNA

cOY
134SON 8pease)) UCUIIO)

k
k
F
i y
N T A T OO T A OSSO T OO ST ST O A A T AT AT A T T . -
[

. T
T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

-

o

0%

e B e B

715 a0c 900

LE B

LE __H

LE B

F F
—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.

LE ki

LEF Lkl

LU M

Ut TIA

! L -

I

13N3I NI E_F e H L _F | jl“ L F | e N * EEIE [E L} L F | EEE EEE- N 1. L F | 4 [E | L F | I 43N] EIN IImF =N E_F | IEN] 43N IJNE =N E L | LE L} HIE ‘I =N I 13 L_F | EEE 4NN NN Imm L _F | N S EIE 1INy EIN lh
F
F
FF I
F
F
F
F ME"E BT . mar T T . mr - - 4T A . -_ru Mt A EE . -_u .- T T T T e L | N 4T T . e - L J
k
F

L e e e e ——————

> 1MIN /TP

> IMIN /TP



US 11,688,455 B2
624

+l ...+
-J.l L
+ +
Yy f "
3
+ I ﬁ. “.
it dfipkh ey

vr ' T wwe s el e e v e nlrr e wiew

Sheet 6 of 17

N\

Jun. 27, 2023
606

+ b
++++++++++++++++++++++++++

+ F
aaaaaaaaaaaaaaaaa
- m

U.S. Patent
é(){)\
MWELBO

ainple  plbdy Huhldy k)

b2

e Wb ik it

il el bk AHEE

i:w ey

P M

E X EFL X Ew A +

VNWL

36

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

lllllllllllllll

rrrrrrrrrrrrrrrrrr

VNWL

F +
++++++++++++++++++
L



US 11,688,455 B2

Sheet 7 of 17

Jun. 27, 2023

&L

U.S. Patent

fmjepr ypls yyein eplnlyl el il smielr  Telden  glmjer el gl bl ik pirel deied el sl wleply el el el gmielr dply bl mbels shiie dgles] sl el wliely  shivie Sybee]  cdeplr gleek el vebis eyl ekl pinlie pehiy s el el jejeb el e’y

M CME WK MM KRR MR DML M SN UMD MM MM RS MMM GMMY MM M Ay WO s g e far wpy

GHUE VN

x ona Bl Wb M WEw ilu_._ltl!__. WG MLl M M L3 MWLM MR

I@ﬁ RLLER

"
'3
!
_
i
"
g

=gty gl gyl S il e gl e e ey e

¥ S A TR T TRT LAH TR TR TER T e

:iii!iiiii!i!!i!iiiil‘il’i!.l

-Gaxd ]

N

N il Ol AN Rl PR ol
-

w,vcm.m%ﬂz

XN - EE IX S EER f{IX]1 mmEm

M CELF W

T LM BME IE AR R R ML GG R CALM L MR MW KM MR S b AN Mgde RRE WA LEYL MR MGG

AEN L3> EI R DA KX

M3 4N} X3 ¥ 43
A
k
i
|
N
¥
E
E
i
|
|
[T L TP TR TR T R VT, EIIRET TY R - TR TR

i n e o i e o S o wr 4

S{00JF JOALC PIOM 9N
o0;

* LE 3 3 [IX] EEx EXEE: TIX

| 1%

iR
£33
-2
bL
i
o
52
T
3
=

£ Yl

0L

Ol L

180 %Ewﬁ

Eolm  wrk twkl wholr ok KWt e dwel i owrs o delwr kel wiak el e v kwer wrim el o o wel b

j

“ :
“ b
; b
| % "
_ i
i -
; ;
) i
4

20/ ~

T T AT TR T A R R T AT P

il ek bk sl Selie R el M e e
I R T I I e R

Pl

A P 1 AR A LT T RS AR Y Ffin AR

w,_,xum |

TrF A AR RS R SR O WAT MY KR W M

PR AR MR W AR PR B MR AR W

_HMT_..
T
L*r:

4B, XN LA- KR XX . EW

mmx”z mm%a:
m@

we i

o0 [p WA
A201H JaAlI( DIOAA m:m

ey W mr Al W e AW eimh el ob e Db owiel il al o srdel oA e vl vl v ke Rl mt DwE e btk e Mk rmr e Y el R

50/ -

|
!
j
{
i
}
1
i
|
|
j
!
i
i
!
i
;
4

F"HMH““

w3 writ chrl vl el dwh woem wrl Yo i R

ﬁ/{@@m

L

veL

AN



2001

0101 A @ 0101 & 0101

US 11,688,455 B2

-------------------------------------------------------------------------------------------------------------------

ENCIINE l

I 8 L+ug ] §§
5007 Q |
ABLIY 1187 AJCLLISIN

00
ABIIY 180 AIOUWIBIA

L o

301G S

RN 111118
ST
T

POIE UMS

HX

I T TV e

GO0 VUG VS

.m.ﬁm.mmmmumﬁmﬂgww_wuﬁﬁﬁ.ﬁmmmmmt

RIS 'Hﬂiﬂiﬂf '

che e

wwwﬁww,uwwwwmmmnumewwwwuwwEﬁﬁmmmmi
GO0 A0l VS

aﬁ#&ﬁuﬁmﬁ#wEﬁuumﬁuﬁﬁ&mmﬁ

{TAAJBUIT PIOMA

00!
ALY o7y AJOWIBIN

WA L L o o ]
ﬁ 1 ﬁ
H ﬁ 1 o+ F A
* 3 : -
+++++++++++++++++++++++++++++++++++++++
r 1 : +
h u ﬂ.u - x B ﬁu
4+ 4k o+ o+ o+ -+ + v+ + d - -+ o+ - « + + + « o + ~ + + S + + «~ + + + + + dJ A [ S - S TR . 3 N JBN - -+ T - S . BN . [ + & + & d + b + + S + + + + + & + — + +
4 L] H
ﬁ.‘ . r E’H E ) H’ L
+++++++++++++ ) _..-........_.... + A+ v e+ P T A+ -.-....+.+...-+__+
. - - -
1 [

+++++++++++++++++++++++++++++++++++++++

Sheet 8 of 17

w2
.
e
-
L
<3

>

o

!3!;[
h:l'f

“““”'E‘léi_ili_‘léi_i?ﬁi“'

ACOIH ISALIT DIOAA LIBIAS

SO0
ABLIY 197 AJOWBIA

4
++++++++++++++++++++++++++++++++++++++
[

.,
el
£ N
il
NN
+E“
“m

LEXEN 'Eﬁiiiimi .
HEXXS ‘]EHEEHHEH .

+
+++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++

Jun. 27, 2023

- a
+++++++++++++++++++++++++++++++++++++++++

---------------------------------------

l
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

41 R ) “ XA ‘” ‘ =eIne -
Q001 HW0IE VS w w

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

’  Npoor

U.S. Patent



U.S. Patent Jun. 27, 2023 Sheet 9 of 17 US 11,688,455 B2

N X
N N

)
-
-
T
o
=
-
S
€y -,
5 <
-
;‘f op
R
Pl
P
D "
= -
(i s
-l 5
=
e <
-
AALLLARERERERAAA Y g-}
WO OO
~
9N
o~ s
2
%‘ .
=l Ny
S8 T
P, LL«
&
-’
S =
o
-
% o
e
i
i
7
D
o L)
£ L
4 &
=
X
<,
T,
-
&)




o

w (a1e6)1581U0) .
- Le L) Ec snyiphoeen E

% 9je5) mU
e (+NJuosng |

2 oz {rduosny S
= mmd piO w11

£E0

£ ﬁ
%\mm_a Q906 0906 9906

Sheet 10 of 17

r. Sg cméz & Eﬁ

%?/?_

Jun. 27, 2023

% (z06) B8IE 13450 80A) d u
(F0R) ale | 4SO 8dA N 008

U.S. Patent



J6 Yl

Butian es ]

US 11,688,455 B2

) (sleDhioeue) B
e DULIAR [BI8Y / J0BIUOD

X Q016 0016 | €016 VOIS

= )
,, SRR W W G LHWHAA
AR ——/ ZiI+WM 1P

S/ 1N Q1+

3+ VANF— A A by — el e _
ita} R _m b,
L : iim;ﬁ +, + S 7L - el
FHUTA 3

AL i i Gt A /s H PUEIAR
FOAY , : + ) ) .
SRR P S WAL ¢ T
+ wnnt AV G-UIAA

Sheet 11 of 17

Jun. 27, 2023

: '/ y/ a . 3-UWAA
=g %&Eﬁhmﬂmmﬁﬁim?ug RN orfer LW I L9 o
4 %ﬁ,j P AR o £ -UETAA
‘ﬁmm%&iugzxw .

(¥06) B84 [ T4SOW 3dAl N (206) B2JE | T4SOW 2dA; 4 B 004

U.S. Patent



U.S. Patent Jun. 27, 2023 Sheet 12 of 17 US 11,688,455 B2

o - o
o ' o
Y o S N,
B i
<3
-
2
s -
{03 A
g e
o
{0 g
—
i
L
() { >
) o
= e
& o
2
“—
Al
(o
-
>
Nopwed
)
<
-
Rl -,
= S <
U
A
= = -
np &
iy "
% 5 -
£
Q an g,
= e, LL
A
{13 Gt
- -
=
{1
<L
L
-
L
cnf
-’
D
—
o W
£0 \ AR ERARANSY ' AL RLERLLLALELERAARY \
AN WOUCOUUUL R UV HRLERRREE SRR AR RN RN RELEEEELLRRRRARRN
W R Ay ==
= W\ \ NN \ NN \t\\uu\\‘}\}.ﬁxy\\\\
' : \ ARREERRRRR R iy
AN O Y >
fres R
{5} h
L
P <,
C) o
= o
s ‘“’
/ =
- e
-
)

- (o
Y N
S S



US 11,688,455 B2

Jun. 27, 2023 Sheet 13 of 17

Patent

U.S

710

1A

\\

SN
Qh

iy \ B
S
$

[ il
-.-\’ "|r1|""~|'
B

+
+ - oy + +
-
T
+
) ...-
+ F
Lk : - -I.z *
; i .1‘1.\\.. ...................
il
- +
[+

b

- T .\n
rh&ﬂﬁ b

,_:T_E
..11. :I..-.
._._ um_\\..\ E..

Si0

0L Dl

b _.\_m.%ﬁ @E;%/m
\h“ k@wx/m ______ gmr

+ d = 4

Bl

Y
.—.
I
*
1] + + +.r..
. 1 > et AL !

b |l—r.-., i

gm&%ga&

NN vk w
cmammﬁ

@.m @Emﬁ, ou

k
F
[ ]
F
3
F
k
3
Ll

E%éﬁ%ﬁ%@

++++++++++++

-1..._..\

EE}

<l

+.
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

(7001

) EQIE [ 34SOW 20AI N

} B8R [ T-SOW 20A) d

f;i%?ai}%uz\.
(Z001) esle [J4SON BdAIN

GO g OED

& LU

m ?wm,g
G+

> W-HLU AR
i W ¥
w P
g-UWiM
w MY



US 11,688,455 B2

Sheet 14 of 17

Jun. 27, 2023

U.S. Patent

JOL Ul

A m_,,mm,% e B

m
8010} ¥0101

X DULIAR (BT / 10BJUOT
Q0101 20101

+++++++++++++++++++++++++++++++++++++++++++++++++++++++

ﬂmr&@

Ww.*élm%
Wy W RN AR
Ly wﬁ w\, mwam.m NG e
Uy " < = B =20l
M| Lol i e 1 e m E..w%_%?
_ STURTY\S i SUS—— Sk Gl A srias LY PE (11
&ﬁw* WEHMK ...................... . /..E mfﬁﬁ , iwﬁ., |
0l-
TNy oottt
ww - ﬁng Em uﬁw L gm.: Al ....Eu%

%ﬂm}

!!!!!!!!!!!!!!!

,_ @.@ﬁ

- -
L] [
[ ]
+ F
r
d

(£001) €818 | T4SON 8dA) 4

(001} B8l 1 J4SOW 9dA N

¢ L

s
ﬁﬂ,:i
Qi+U

3 § BHUTAA
G-I

FHUTIAR My

U

T
7-WM

gy [ AT

Y-UWAA

18U

Qweg..mm%
AR PN
-

(Z001L) B8R 1 34SOW 8UA N

ﬁ/{eg@%



U.S. Patent Jun. 27, 2023 Sheet 15 of 17 US 11,688,455 B2

S,
s
o3
o -
ey (Q
{9 -
—
& e
£33
E._..
a8
- D
— %
o o
-y A
ey,
el
AN
T -
1Y o
T : —
e b
=
—
ey _—
o3 g
—
e N\ (J
€ , \ W Co q |
& ARTINREN *ﬁ&&\\a\ NN ﬁ“a\‘:&\g{ﬂ L R Y AUARRERARARRRRN — o
e K
™ = =
—
= p Ll
) LY g
&, AN
=
- <
-
-
—
.
Ty
g
o2
—
Y3
T‘u. f
e )
{0 52
& N
{0
E......
™ —
P, +
O i, TP T g
. P e
== S 18 3
3 LA 5 {53
L Can =3 -
= - = g
AN Y




il Ul

US 11,688,455 B2

51

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Ao

] L
._... ...J.
L
L N,
. f..h... ]
" 1
._._.._.—r .
'
P
"
L] b N
£y n .
L
W T N
b [ .
b b -

+ &
1
.—-I
- L9
' "
+ ' - " .
~ " .
L9 " .... ..._r
[
A o N
+ . )
+++++++++++++ ..._... ..._r . ._._._. ..._r .
ﬁ . 1 L3 - 1 N
._... L] . N
w ...__ ._.r._r . -.-JJ.
b [ n N\ .
E w * hS .,+ v N
l+.. + , ; } .
o+ ® _ . " .
. ) :
hﬂw e L] ' ._...r..
= "
L] w .
LI . J
1 L
- " .
. - [
d

NN

.f.f

Sheet 16 of 17

A=
+-WHA “,,”,,m,“, %
T
G

+++++++++++++++

WM -
WM
Pl i
G-t -

Jun. 27, 2023

+++++++++++++

+++++ .
] .4.-.
- -
i +
LJ ¥, " .
,

_,._,. L -
- T N

- * A

L] +, [ )
(8
[

QWHE;%M +++++++++ ” Wrﬁfg
o LU ,

7 L-UWAR

L]

++++++++++++++++ .
- - -
o bl . " .
a,o0r . 2,
AT b - N
L [ . . .
1o . .t
’ . \ \ y .
b ...i..r. - R ™ e,
. , . D
. ) "
. _r:r.r... .;_Mﬁ..... LN
[ R n ' 3
.
a
o e L,
L .
1 [ .
* [ .
noh .
) . \
. d d - .
LIRS
1 [
1I
L} -
1 .
o
o+

(€O 00

Patent

S

[Z041) B8IE [ 4SOW adAy

(£011) B9IB [T4SOW 80A1 N

yOL1L) Bale 134S0W 80A) d

U.

+++++++++++

i

-0

G +UIA
b L+UA
AR
+UAR

AP

SE=2

g HLU AR
G-l




US 11,688,455 B2

Sheet 17 of 17

Jun. 27, 2023

U.S. Patent

Jie Dl

A | Buu eep [
- (sebhoeiuon

% BULIIA 1B1BW / 10BIU0D | (uoisnyipjioejuc)
a90L, 9901 %m‘:og‘_w Q0L YOl G901}

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

@w%wﬂmammﬂm @wwngifm ......................... . IR g - 5 e ,. . . Www%MWN
ML S R = fa * m,m%mﬂ_m.ﬁ%@?&g 3,%,, ++++++++++ Lz iewip { MY
m o ........................... o L+wn
o] s e PR St |
WM Z+UITA
A W
Z-UIIAN | WA
MY B-UTAA | Ui
G-WIM | G- WM
G- - Q-Urim
| SHERY ,f!;a;iz;i;iw ﬁnﬁaﬁ ..... A 1
1M w% mw.. amw A wicm;m T it s Ve mw;%whﬁv A D
4 PN

(9014 BRI [34S0W ek d  (D80LL) BeE 1 I4SOM 8941 N (7Z011) BRI 1340 04l o

ﬁ/{eggﬁ



US 11,688,455 B2

1

SEMICONDUCTOR MEMORY SUBWORD
DRIVER CIRCUITS AND LAYOU'T

BACKGROUND

A semiconductor memory device, such as a Dynamic
Random Access Memory (DRAM), includes a memory cell
array having memory cells disposed at intersections between
word lines and bit lines. The semiconductor memory device
may include hierarchically structured main word lines
(MWL) and word lines. The main word line 1s driven by a
respective main word driver and 1s positioned at an upper
hierarchy, and 1s selected by a first portion of a row address.
The word line 1s driven by a respective subword driver and
1s positioned at a lower hierarchy, and 1s selected based on
a corresponding main word line and a word driver line (FX)
selected by a second portion of the row address.

Due to the scaling down of array access devices in
semiconductor fabrication, the local interconnections 1n a
memory cell array, such as word lines coupling between
subword drivers and the memory cell array, may have a
higher pitch (e.g., more congested) 1n some areas due to the
layout of the subword drivers. There 1s a desire to reduce the
pitch of the interconnections in a subword driver block.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a semiconductor device
according to some examples described in the disclosure.

FIG. 2 1s a diagram of an example configuration of a
memory hank of a semiconductor device according to some
examples described 1n the disclosure.

FIG. 3 1s a schematic diagram of a portion of a memory
bank according to some examples described in the disclo-
sure.

FIG. 4 1s a schematic diagram of a subword driver and a
memory cell.

FIG. 5 1s a schematic diagram of example subword drivers
coupled 1n cascade connection according to some examples
described 1n the disclosure.

FIG. 6 1s a schematic diagram of example subword driver
arrays coupled in cascade connections according to some
examples described 1n the disclosure.

FIG. 7 1s a schematic diagram of example subword driver
arrays coupled in cascade connections and memory cells
according to some examples described in the disclosure.

FIG. 8 1s an example block diagram of a portion of a
memory device according to some examples described 1n the
disclosure.

FIG. 9A 1s a plan view of an example layout diagram of
subword drivers showing active regions according to some
examples described in the disclosure.

FIG. 9B 1s a plan view of an example layout diagram of
the subword drivers 1n FIG. 9A showing additional layers
according to some examples described 1n the disclosure.

FIG. 9C 1s a plan view of an example layout diagram of
the subword drivers 1n FIGS. 9A and 9B showing some or

additional layers according to some examples described 1n
the disclosure.

FIG. 10A 15 a plan view of an example layout diagram of
subword drivers showing active regions according to some
examples described 1n the disclosure.

FIG. 10B 1s a plan view of an example layout diagram of
the subword drivers 1n FIG. 10A showing additional layers
according to some examples described in the disclosure.
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FIG. 10C 1s a plan view of an example layout diagram of
the subword drivers 1n FIGS. 10A and 10B showing some or

additional layers according to some examples described 1n
the disclosure.

FIG. 11A 15 a plan view of an example layout diagram of
subword drivers showing active regions according to some
examples described in the disclosure.

FIG. 11B 1s a plan view of an example layout diagram of
the subword drivers in FIG. 11 A showing additional layers
according to some examples described 1n the disclosure.

FIG. 11C 1s a plan view of an example layout diagram of
the subword drivers in FIGS. 11 A and 11B showing some or
additional layers according to some examples described 1n
the disclosure.

DETAILED DESCRIPTION

Certain details are set forth below to provide a suflicient
understanding of examples of various embodiments of the
disclosure. However, 1t 1s appreciated that examples
described herein may be practiced without these particular
details. Moreover, the particular examples of the present
C
t

1sclosure described herein should not be construed to limat
ne scope of the disclosure to these particular examples. In
other instances, well-known circuits, control signals, timing
protocols, and software operations have not been shown 1n
detail 1n order to avoid unnecessarily obscuring embodi-
ments of the disclosure. Additionally, terms such as
“couples” and “coupled” mean that two components may be
directly or indirectly electrically coupled. Indirectly coupled
may 1mply that two components are coupled through one or
more mntermediate components. Shapes and dimensions of
the various semiconductor structures shown by the drawings
are not to scale. For example, the layout diagrams are
provided merely as examples, and the shapes and dimen-
sions may be modified for an actual semiconductor device.

FIG. 1 1s a block diagram of a semiconductor device 10
according to some examples described 1n the disclosure. The
semiconductor device 10 may be a dynamic random access
memory (DRAM) 1 some embodiments of the disclosure.
The semiconductor device 10 includes a memory cell array
11. The memory cell array 11 includes a plurality of word
lines WL and a plurality of data lines DL that intersect with
cach other, with memory cells (MC) disposed at the inter-
sections. The WLs may be driven by respective subword
drivers SWD. For clarity, only one WL, SWD, DL, and MC
are shown i FIG. 1. A plurality of main word lines MWL
and word dniver lines FX may be provided to respective
SWDs in the memory cell array 11. For example, a selection
of a main word line MWL and a word driver line FX 1s
carried out by the row decoder circuit 12, and the selection
of the data line DL 1s carried out by a column decoder circuit
13. In some examples, the word driver lines FX may be
driven by respective word drivers FXD 46. The main word
lines MWL may be driven by respective main word drivers
(MWD) 44. For example, a memory device may have 128
main word lines and 128 main word drivers providing
respective main word lines.

In some examples, the semiconductor device 10 may
include multiple memory cell arrays 11 arranged in multiple
memory banks. The semiconductor device 10 may also
include multiple row decoder circuits 12 and multiple col-
umn decoder circuits, each coupled to a respective memory
cell array 11.

With further reference to FIG. 1, sense amplifiers 18 are
coupled to corresponding data lines DL and coupled to local

[/O line pairs LIOT/B. Local 10 line pairs LIOT/B are




US 11,688,455 B2

3

coupled to main IO line pairs MIOT/B via transier gates TG
19 which function as switches to read/write amplifiers and
butlers 15.

Turning to the explanation of a plurality of external
terminals included in the semiconductor device 10, the
plurality of external terminals includes command and
address terminals 21, clock terminals 23, data terminals 24,
and power supply terminals 25 and 26, The command and
address terminals 21 are supplied with command and
address signals CA. The CA signals provided to the com-
mand and address terminals 21 include commands and
addresses. Addresses included 1n the CA signals are trans-
ferred via a command/address mput circuit 31 to an address
decoder circuit 32. The address decoder circuit 32 recerves
the addresses and supplies a decoded row address signal RA
to the row decoder circuit 12, and a decoded column address
signal COL to the column decoder circuit 13.

Commands included in the CA signals provided to the
command and address terminals 21 are input to a command
decoder circuit 34 via the command/address input circuit 31.
The command decoder circuit 34 decodes the commands to
provide various internal command signals. For example, the
internal commands may include a row command signal to
select a word line and a column command signal, such as a
read command or a write command, to select a data line.

When a activation command 1s 1ssued and a row address
1s timely supplied with the activation command, and a
column address 1s timely supplied with a read command,
read data 1s read from a memory cell MC in the memory cell
array 11 designated by these row address and column
address. More specifically, the row decoder circuit 12 selects
a main word line MWL, word driver line FX, and word line
WL 1ndicated by the row address RA so that the associated
memory cell MC 1s subsequently connected to the data line
DL. Further, when the memory cell MC 1s selected by the
row address and the associated row 1s activated by the
activation command, the main word line MWL may be
active and the word driver line FX may be active. This
results 1n the word line WL being active. Conversely, when
the memory cell MC 1s not selected, e.g., 1n a precharge
operation, the word driver line FX may be mactive, and the
main word line MWL may also be mactive. This drives the
word line WL to a non-active potential, e.g., off-state word
line voltage VNWL. With further reference to FIG. 1, the
read data DQ) 1s output externally from the data terminals 24
via a read/write amplifier 15 and an input/output circuit 17.

Similarly, when the activation command 1s 1ssued and a
row address are timely supplied with the activation com-
mand, and a column address 1s timely supplied with a write
command, the mput/output circuit 17 may receive write data
DQ at the data terminals 24. The write data DQ 1s supplied
via the mput/output circuit 17 and the read/write amplifier
15 to the memory cell array 11 and written 1n the memory
cell MC designated by the row address and the column
address.

The clock terminals 23 are supplied with external clock
signals CK and/CK, respectively. These external clock sig-
nals CK and/CK are complementary to each other and are
supplied to a clock input circuit 35. The clock mput circuit
35 receives the external clock signals CK and/CK and
provides an internal clock signal ICLK. The internal clock
signal ICLK 1s supplied to an internal clock generator 36 and
thus a phase controlled internal clock signal LCLK 1s
provided based on the received internal clock signal ICLK
and a clock enable signal CKE from the command/address
input circuit 31. In a non-limiting example, a DLL circuit
can be used as the internal clock generator 36. The phase
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controlled internal clock signal LCLK 1s supplied to the
input/output circuit 17 and 1s used as a timing signal for
determining an output timing of the read data DQ.

The power supply terminals 235 are supplied with power
supply voltages VDD1, VDD2, and VSS. These power
supply voltages VDDI1, VDD2, and VSS are supplied to an
internal voltage generator circuit 39. The internal voltage
generator circuit 39 provides various internal voltages, such
as, VPP, VARY, VPERI, VEQ, VCCP, and VNWL.

The internal potentials VCCP, VNWL are potentials to be
mainly used 1n the row decoder circuit 12, the main word
drivers MWDs 44 and the word drivers FXDs 46. For
example, a word driver FXD, when selected based upon the
address signal ADD, may be configured to drive a potential
on the word dniver line FX to a VCCP level corresponding
to a high potential (e.g., 3.1 V). When a row 1s 1n pre-charge
state, an associated subword driver, responsive to an mnactive
signal on a main word line (MWL) and an 1nactive signal on
a word dniver line (e.g., FX'T, FXB), may be configured to
pull down the word line (WL) to the internal voltage VNWL
(e.g., a non-active potential, which may be a negative
voltage).

The mternal potential VARY and VEQ) are potentials to be
used by the sense amplifier 18, transfer gates 19 and/or
read/write amplifiers 15. When the sense amplifier 18 1s
activated, the read data read out 1s amplified by driving one
of the paired data lines to a VARY level with the other one
being driven to a VSS level. The internal potential VPERI 1s
used as a power supply potential for most of the peripheral
circuits, such as the command/address input circuit 31. By
using the internal potential \TERI having a lower potential
than the external potential VDD as the power supply poten-
tial of these peripheral circuits, 1t may be possible to reduce
power consumption of the semiconductor device 10.

The power supply terminals 26 are supplied with power
supply voltages VDDQ and VSSQ. These power supply
voltages VDDQ and VSSQ are supplied to the input/output
circuit 17. The power supply voltages VDD(Q and VSSQ
may be the same voltages as the power supply voltages
VDD2 and VSS that are supplied to the power supply
terminals 25, respectively. However the dedicated power
supply voltages VDDQ and VSSQ may be used for the
input/output circuit 17 so that power supply noise generated
by the mput/output circuit 17 does not propagate to the other
circuit blocks of device 10.

FIG. 2 1s a diagram of an example configuration of a
memory bank of a semiconductor device according to some
examples described 1n the disclosure. For example, each of
the memory cell array 11 of the device 10 (FIG. 1) may
include a configuration of the bank 200 of FIG. 2 in some
embodiments of the disclosure.

In some examples, the memory bank 200 may include a
plurality of memory mat regions, such as MAT0-3. In the
example shown in FIG. 2, the bank 200 has four memory
mat regions, but the bank 200 may include more or less
memory mat regions in other examples. As indicated by the
dotted lines 1n memory mat region MAT1, each memory mat
region may be divided into multiple sub-regions, e.g., SUB-
MAT1-0-3. While the example shown in FIG. 2 ncludes
four sub-regions, memory mat regions MAT0-3 may include
more or less sub-regions 1n other examples. Each sub-region
SUBMAT1-0-3 may include a plurality of memory mats
(e.g., 64) aligned in the Y-direction. For clarity, the indi-
vidual memory mats are not shown in FIG. 2. Subword
driver SSD blocks (not shown 1n FIG. 2) may be disposed
on the two sides of each memory mat, e.g., 1n the X
direction. Sense amplifier SA blocks may be disposed on the
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two sides of each memory mat, e.g., in the Y direction. The
memory mats of each sub-region SUBMAT1-0-3 may be
provided to a corresponding 10 (e.g., DQ pad) in some
embodiments.

The subword drniver operations may be controlled by a
row decoder circuit, for example, the row decoder circuit 12
of FIG. 1. When receiving a row address RA, the row
decoder selects a word line WL by activating an appropriate
main word driver (MWD) and an appropriate word driver
(FXD) indicated by the row address RA. In the example
shown 1n FIG. 2, one block 1s shown for the main word
driver MWD, however, the main word driver. MWD block
may include a plurality of main word drnivers MWDs.
Similarly, two blocks are shown for the word drivers FXDs,
but each word driver FXD block may include a plurality of
word drivers FXDs. For example, 11 each memory mat
region MAT includes four sub-regions and each sub-region
includes 64 memory mats, the main word driver MWD
block may include 128 MWDs, each configured to activate
a corresponding main word line (MWL). Continuing this
example, each word driver IAD block may include eight
word drivers FXDs, each configured to activate a corre-
sponding word drniver line (FX). In the example shown 1n

FI1G. 2, bits 3-15 of the row address RA encode the main
word line MWL and bits 0-2 of the row address RA encode
the word driver line FX. However, other encoding schemes
may be used.

FIG. 3 1s a schematic diagram of a portion of a memory
bank 300 according to some examples described in the
disclosure. In some embodiments of the disclosure, a portion

of a bank 300 shown in FIG. 3 may be included 1n the bank
200 of FIG. 2, and/or the memory cell array 11 of FIG. 1.

The memory portion 300 may include multiple word lines
310, each provided by a respective subword driver SWD;.
For example, a word line 314 may be provided by a
corresponding subword driver SWD3 associated with a main
word line driven by a main word driver MWDI1 and also
associated with a word driver line 302 (e.g., FX5) associated
with a word driver 308. In other words, for each subword
driver, a corresponding main word Tiflis MWL and word
driver line FX and non-active potential (e.g., ofl-state word
line voltage VNWL) are provided. The signals on the main
word lines MWLs and the word driver lines FXs may be
provided by main word drivers MWDO0-N and word drivers
FXDs 304, based upon the row address RA as described with
reference to FIG. 2.

A main word line MWL may extend over array regions of
a respective memory mat to provide the main word signal to
the subword driver rows SWDO0-7 of the memory mat to
activate those subword drivers SWD0-7. That 1s, when a
main word driver MWD 1s activated, it may provide active
main word signals to all the subword drivers SWD0-7 of the
mat. As will be described below, a word driver line FX may
include FX'T and FXB. In some examples, when the FXT 1s
active, the FXB line 1s mactive. Conversely, the FXB may
be active while the FX'T 1s 1nactive. Each word driver line
302 of word driver FXD 304 provides word driver lines to
at least one subword driver SWD 1n each mat. In the
example shown in FIG. 3, the word driver FXD 304 includes
even word drivers 306 and odd word drivers 308. The even
word drivers 306 provide respective word driver lines to
even-numbered subword drivers SWD0, SWD2, SWD4, and
SWD6, of each memory mat and odd word drivers 308
provide respective word driver lines to odd-numbered sub-
word drivers SWD1, SWD3, SWDS5, and SWD7 of each
memory mat. However other arrangements may be used in
other examples. In the example shown 1n FIG. 3, each word
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driver line of the word drniver 304 may be coupled to a
corresponding subword driver SWD0-7 1n each memory
mat. For example, FX line 5 may be coupled to the subword
driver SWDS of each memory mat.

In the example operation shown in FIG. 3, a row address
RA has indicated MWD1 should be activated and odd word
driver 308 associated with word driver line FX 5 should be
activated. As shown by the shaded regions 312, word lines
310 associated with the inactive main word drivers MWD,
MWDn remain 1nactive, even the subword lines associated
with word driver line FX § are active. However, among the
word lines 322 that are associated with activated MWD1, the
word line 314 driven by subword driver SWDS3 associated
with activated MWD1 and FX 3 1s activated. By way of
example, an activated MWD may be configured to provide
an active signal on the associated main word line, and an
activated word driver FXD may be configured to provide an
active signal on the word driver line (e.g., FXT, FXB).
Similarly, an activated subword driver may be configured to
provide an active signal on the associated word line. Thus,
a selected word lime WL of the selected memory mat
associated with MWD 1s driven to the active potential by
the corresponding activated subword driver SWDS5.

In some examples, the other subword drivers SWD of the
selected memory mat drive the respective unselected word
lines WL to the non-active potential (e.g., VNWL) to remain
iactive. Subword drivers SWD of unselected memory mats
MAT (e.g., memory mats associated with MWDO0 and
MWDn) remain deactivated, and the word lines WL of the
unselected memory mats MAT are not provided a voltage, or
instead, provided with a non-active potential (e.g., VNWL)
in some examples. Whereas a subword driver SWD 1s
coupled to a word driver FXD and a main word driver
MWD, 1n order for a word line WL associated with the
subword driver SWD to be activated, both the associated
word driver FXD and the main word driver MWD must be
activated.

FIG. 4 1s a schematic diagram of a conventional subword
driver and a memory cell. As shown 1n FIG. 4, the output of
a subword driver 402 1s coupled to a word line WL, which
1s coupled to memory cell 412. The memory cell 412
includes at least a transistor and a capacitor. The word line
WL 1s connected to the gate of the transistor and the data line
DL 1s connected to the drain/source (drain or source) of the
transistor. The memory cell 1s capable of storing 1-bit data.
The memory cell 412 1s coupled to a sense amplifier 410
configured to sense a signal of the memory cell 412 on the
data line DL and drive the signal to a desired voltage.

The subword driver 402 includes two transistors of dif-
ferent conductivity types (e.g., a p-channel type transistor
404 and an n-channel type transistor 406) serially coupled at
the word line WL. A main word line MWL 1s coupled to the
gates of the transistors 404 and 406. A word driver line FXT
1s coupled to the drain/source of the transistor 404, and the
non-active potential VNWL 1s provided to the drain/source
of the transistor 406. The word line WL 1s also coupled to the
non-active potential VNWL through an n-channel type tran-
sistor 408. A word driver line FXB 1s coupled to the gate of
the transistor 408.

The word line of the memory cell 412 1s coupled to the
subword driver 402, which operates responsive to the sig-
nals on the main word line signal MWL and the word driver
line FXT. In operation, the transistors 404 and 406 are
configured to provide an active/inactive signal on the word
line WL. The n-channel type transistor 408 1s used to prevent
unselected word lines from floating. For example, when the
main word line MWLB 1s active low, the transistor 404 1s
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turned on and the transistor 406 1s turned ofl. If EXT 1s
inactive, the FXB will be active to turn on the transistor 408,
which pulls down the potential at the word line WL to
VNWL, preventing the word line from floating. As shown in
FIG. 4, the subword driver 402 1n the conventional circuit
includes at least three transistors.

FIG. 5 15 a schematic diagram of example subword drivers
coupled 1n cascade connection according to some examples
described 1n the disclosure. Examples of cascade connection
may include coupling the output of two or more circuits. For
example, the subword drnivers 502, 504 may be coupled 1n
cascade connection, as explained 1n detail 1n FIG. 5. In some
examples, the subword drivers 502 and 504 shown 1n FIG.
5 may be implemented in the subword drivers 42 (in FIG. 1)
or SWDO0-7 (in FIG. 3). The subword drivers 502 and 504
may be coupled to different main word lines. For example,
subword driver 502 1s coupled to main word line MWLBn,
whereas subword driver 504 1s coupled to main word line
MWLBn+1. In some examples, subword driver 502 may
include two transistors of different conductivity types (e.g.,
a p-channel type transistor 508 and an re-channel type
transistor 506) coupled at their sources/drains (sources or
drains), which are commonly coupled to an output OUTm.
The output OUTm may be coupled to a word line WLm. The
gates ol the transistors 506, 508 may be coupled to a
common main word line, e.g., MWLBn. The source/drain of
the n-channel type transistor 506 may be coupled to a
non-active potential VNWL, whereas the source/drain of the
p-channel type transistor 508 may be coupled to the word
driver line FXT (e.g., FX'T0). Subword driver 502 may also
include a common transistor 514 shared with another sub-
word driver, e.g., subword driver 504.

In some examples, the subword driver 304 may have a
similar structure as subword driver 502, the description of
which 1s not repeated. The subword driver 504 may be
coupled to a main word line, e.g., MWLBn+1, different from
the main word line MWLBn to which the subword driver
502 1s coupled. The two transistors of different conductivity
types (e.g., p-channel type transistor 510 and n-channel type
transistor 512) may be commonly coupled at their sources/
drains to an output OUTm+1, which 1s coupled to a word
line WLm+1. In some examples, the respective outputs
OUTm and OUTm+1 of subword drivers 502 and 504 may
be coupled to a common transistor 514 shared by the two
subword drivers. In some examples, the common transistor
514 may be an n-channel type transistor, with the gate
coupled to a corresponding word driver line FXB (e.g.,
FXB0). In some examples, the drain/source of the p-channel
type transistors of subword drivers 502, 504, in this case,
508, 510, may be coupled at a common word driver line,
c.g., FXTO0. As shown in FIG. 5, the two subword drivers
502 and 504 share a common transistor 314 at the respective
outputs OUTm and OUTm+1 through a cascade connection.
As a result, two subword drivers now include a total of five
transistors, with an average of 2.5 transistors per subword
driver. In comparison to the conventional subword driver
shown 1n FIG. 4, the number of transistors for subword
drivers can be reduced, which results in a reduction of
memory die size.

Two subword drivers 502 and 504 are shown 1in FIG. 5,
however, other subword drivers 1n a memory device may be
configured 1n a similar manner. For example, additional
subword drivers, e.g., 320, may also be coupled to the main
word line MWLBn to which subword driver 502 1s coupled.
Similarly, additional subword drivers, e.g., 522, may also be
coupled to the main word line MWLBn+1 to which subword
driver 504 1s coupled. In the example shown 1n FIG. §, one
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main word line MWL drives four subword drivers to provide
signals on four word lines (only one 1s shown). However,
other number of subword drivers may be coupled to the
same main word line driver, as will be shown 1n FIG. 6.

FIG. 6 1s a schematic diagram of example subword driver
arrays coupled in cascade connections according to some
examples described in the disclosure. A subword driver
array 600 may be implemented 1n any of the subword drivers
(e.g., 42 1n FIG. 1, SWDO0-7 in FIG. 3). The subword driver
array 600 may include multiple maimn word lines (e.g.,
MWLB0, MWLBI, . . . ) each coupled to a respective set of
subword drivers to drive the set of subword drivers to drive
respective word lines. For example, subword drivers 602,
606, 618 and 622 are coupled to and driven by main word
line MWLBI1. Subword drivers 604, 608, 610 and 614 are
coupled to and driven by main word line MWLB2.

In some examples, the subword driver array 600 may
include multiple pairs of subword drivers that are coupled 1n
cascade connection as shown in the example 1 FIG. 5. In
some configurations, subword drivers associated with a first
main word line may be coupled in cascade connection to
subword drivers associated with a second main word line
different from the first main word line. For example, the
subword drivers 602, 606 are associated with main word line
MWLBI1 and have outputs coupled to word lines WL8 and
WL10, respectively. The subword drivers 604, 608 are
assoclated with a diflerent main word line, MWLB2 and
have outputs coupled to word lines WL16 and WL18,
respectively.

In the example as shown, the two subword drivers 602,
606 arc respectively coupled to two subword drivers 604,
608 1n cascade connection. For example, an output of
subword driver 602 and an output of subword driver 604 are
coupled in a cascaded connection by a common transistor
Q5. Thus, subword drivers 602, 604 form a pair as similarly
configured in FIG. 5, where the outputs of the subword
drivers 602, 604 are coupled to word lines WL8 and WL16,
respectively. Similarly, an output of subword driver 606 and
an output of subword driver 608 are coupled 1n a cascaded
connection by a common transistor Q10. Thus, subword
drivers 606, 608 form a pair as similarly shown 1n FIG. 5,
where output of the subword drivers 606, 608 are coupled to
word lines WL10 and WL18, respectively.

In some examples, two subword drivers associated with
physically adjacent main word lines may be coupled in
cascade connection. For example, where the two subword
drivers 602 and 604 are coupled 1n cascade connection, the
associated main word lines of the subword drivers, e.g.,
MWLB1 and MWLB2, may be physically adjacent to each
other. It 1s appreciated that associated main word lines of
two subword drivers that are coupled in cascade connection
may not be physically adjacent to each other in some
embodiments of the disclosure.

In some examples, subword drivers associated with a
grven main word line may be coupled 1n cascade connection
with subword drivers associated with two other main word
lines 1n an alternating manner. In a non-limiting configura-
tion, the subword drivers associated with a first main word
line may include at least a first set of subword drivers and a
second set of subword drivers. The first set of subword
drivers may be coupled 1n cascade connection to one or more
subword drivers associated with a second main word line,
and the second set of subword drivers may be coupled 1n
cascade connection to one or more subword drivers associ-
ated with a third main word line.

In a non-limiting example, the subword drivers associated
with a main word e.g., MWLB1 may include a first set, e.g.,




US 11,688,455 B2

9

602, 606, and a second set, e.g., 618, 622. As described
above, subword drivers 602, 606 may be coupled 1n cascade
connection with subword drivers 604, 608, respectively,
where subword drivers 604, 608 are associated with a
second main word line, e.g., MWLB2. Further shown 1n
FIG. 6, the second set of subword drivers 618, 622 may be
coupled 1n cascade connection with subword drivers 620,
624 which are associated with a third main word line, e.g.,
MWLBO. In this configuration, among the multiple subword
drivers associated with the word line MWLBI1, two subword
drivers 602, 606 are coupled in cascade connection with two
subword drivers 604, 608, respectively, that are positioned 1n
a first direction (e.g., in the Y direction) relative to the
subword drivers 602, 606, where subword drivers 604, 608
are associated with a second word line, e.g., MWLB2. Two
other subword drives associated with the word line
MWLBI, e.g., 618, 622 arc coupled 1n cascade connection
with two subword drivers 620, 624, respectively, that are
positioned 1n a second direction (e.g., in the X direction)
relative to the subword drivers 618, 622, where the subword
drivers 620, 624 are associated with a third word line, e.g.,
MWLBO.

In a similar configuration, two subword drivers 604, 608
associated with the main word line MWLB2 are respectively
coupled 1n cascade connection with two subword drivers
602, 606 that are positioned 1n the second direction relative
to the subword drivers 604, 608, where subword drivers 602,
606 are associated with the main word line MWLBI.
Similarly, two other subword drivers associated with the
main word line MWLB2, e.g., subword drivers 610, 614, arc
cach coupled 1n cascade connection with two subword
drivers 612 and 616, respectively, that are positioned in the
first direction relative to the subword drivers 610, 614,
where subword drivers 612, 616 are associated with a fourth
main word line, e.g., MWLB3.

In the example 1n FIG. 6, the first main word line (e.g.,
MWLBI1) may be physically adjacent to the second main
word line (e.g., MWLB2). The first main word line (e.g.,
MWLBI1) may also be physically adjacent to the third main
word line (e.g., MWLBO). In other scenarios, the first main
word line may not be physically adjacent to either of the
second or third main word line. It 1s appreciated that the
terms ““first direction” and “second direction” are only
opposite relatively. For example, the “first direction” may
refer to a connection 1n the X direction whereas the “second
direction” may refer to a connection in the Y direction
opposite to the X direction. Alternatively, the “first direc-
tion” may refer to a connection 1n the X direction whereas
the “second direction” may refer to a connection 1 Y
direction. It 1s further appreciated that varnations of the
configurations shown in FIG. 6 may be possible.

FIG. 7 1s a schematic diagram of example subword driver
arrays coupled in cascade connections and memory cells
according to some examples described 1n the disclosure. In
some examples, the cascade connection of subword drivers
as shown 1 FIGS. 5 and 6 may be implemented in the
subword driver arrays 1n a memory device 700 1n FIG. 7. For
example, the memory device 700 may include a memory cell
block 702 arranged in two arrays 708, 710 each extending in
a first direction, e.g., “x.” Each of the memory cell arrays
708, 710 includes a respective data line (e.g., DL_Tk-1,
DL_Tk) and multiple memory cells coupled to the respec-
tive data line. Each memory cell on a data line 1s provided
with a respective word line extending 1n a second direction
substantially perpendicular to the first direction, e.g., “y,”
where each word line 1s driven by a respective subword
driver 1n eitther side of the memory cell block 702. The
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memory cell block 702 may include a DRAM memory array.
A memory cell 1n the memory cell block 702 may include a
capacitor and a transistor (e.g., an n-channel type MOSFET)
serially connected and configured to store one bit of data.
In a non-limiting example, the memory cells associated
with even-numbered word lines (e.g., WLm-14,
WLm-12, ... WLm, ... WLm+14, WLm+16) are coupled
to a first data line (e.g., DL_Tk-1), where the even-num-
bered word lines are coupled to a first subdriver block 704
positioned on a first side (e.g., the left side) of the memory

cell block 702. Similarly, the memory cells associated with
odd-numbered word lines (e.g., WLm-15, WLm-13, . . .

WLm-1, WLm+1, . . . WLm+13, WLm+15) are coupled to
a second data line (e.g., DL_Tk), where the odd-numbered
word lines are coupled to a second subdriver block 706
positioned on a second side opposite the first side (e.g., the
right side) of the memory cell block 702.

In the configuration 1 FIG. 7, the first subword driver
block 704 may include multiple sets of subword drivers to
drive respective even-numbered word lines, e.g., WLm-14,
WLm-12, . . . . Each of the word lines 1s coupled to a
respective memory cell. Each set of subword dnivers are
associated with a respective main word line. For example, a
set of even-numbered subword drivers 720 (not entirely
shown) are coupled to even-numbered word lines WL m-14,
WLm-12, WLm-10 and WLm-8 associated with the main
word line MWLBn-1. Similarly, a set of odd-numbered
subword drnivers 728 (not entirely shown) are coupled to
odd-numbered word lines WLm-135, WLm-13, WLm-11
and WLm-9 associated with the same main word line
MWLBn-1. The subword driver sets 720 and 728 are
respectively arranged on two opposite sides of the memory
cell block 702. In the configuration in FIG. 7, a main word
line drives eight subword drivers to drive eight word lines.
Each of the eight subword drivers 1s coupled to a main word
line and a respective word driver line (FXT, FXB). For
example, the signals provided on main word line MWLBn-1
and eight word driver lines FX'T0-7 drive eight subword
drivers (on eitther side of the memory cell block 702),
respectively. Each of the eight subword drivers drives a
respective word line (e.g., WLM-8, WLM-9, WLM-15).

With further reference to FIG. 7, the even-numbered
subword drivers on the left side of the memory cell block

702 are driven by the main word line MWLBm-1 and word
driver lines signals FXTO0/FXBO0, FXT2/FXB2, FXT4/

FXB4, and FXT6/FXB6, respectively, to drive the word
lines WLm-14, WLm-10, and WLm-8, respectively. On
the right side of the memory cell block 702, the odd-
numbered subword drivers are driven by the main word line
MWLBm-1 and word driver lines FXT1/FXB1, FXT3/
FXB3, FXT5/FXBS, and FXT7/FXB7, respectively, to drive
the word lines WL m-15, WLm-13, WLm-11, and WLm-9,
respectively.

The remaining blocks in the circuit are arranged 1n a

similar manner and will not be described repeatedly.
Although only main word lines MWLBn-1, MWLBn,

MWLBn+1, MWLBn+2 are shown in FIG. 7, 1t 1s under-
stood that a memory device may have hundreds of main
word lines, and each main word line may be coupled to any
suitable number of subword drivers to drive multiple word
lines. For example, 1n a non-limiting example, a memory
device may have 128 main word lines driven by 128 main
word drivers (IMWD). A main word line may be associated
with 8 word lines, which are selected together by the signals
on the main word line and respective word driver lines
FXT/B0-FXT/B7. In such case, there are 1024 word lines 1n

the memory cell array.
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With further reference to FIG. 7, the cascade connection
between subword drivers may be implemented. For
example, on the left side of the memory cell array 702, the
word lines WLm-4 and WLm-6 are driven by respective
subword drnivers associated with the main word line
MWLBn (see block 722); the word lime WLm-10 and
WLm-8 are driven by respective subword drivers associated
with adjacent main word line MWLBn-1 (see block 720).
As shown, the subword drivers that drive word lines
WLm-4 and WLm-10, which are associated with adjacent
main word lines MWLBn and MWLBn-1, respectively,
cach includes a common n-channel type transistor Q8 that 1s
coupled 1n cascade connection to the outputs of the subword
drivers. Respective subword drivers of the word lines
WLm-4 and WLm-10 are also coupled to the same word
driver line FXT4, The gate of the transistor Q8 1s coupled to
the word driver line FXB4.

Similarly, the subword drivers that drive word lines
WLm-6 and WLm-8 are coupled in cascade connection
through a common n-channel type transistor Q9. Respective
subword drivers of the word lines WLm-6 and WLm-8 are
also coupled to the same word driver line FXT6. The
transistor Q9 1s coupled to the word driver line FXB6. For
cach of the subword drivers (or subword driver pairs 1n
cascade connection), the detailed illustration 1s shown 1n
FIGS. 5 and 6. The multiple odd-numbered subword drivers
(in block 706) are also coupled 1n cascade connection 1n the
same manner as for even-numbered subword drivers (in
block 704) as previously described.

With reference to FIGS. 6 and 7, the operation of the
subword drivers 502, 504 1n FIG. 5 may be implemented 1n
any of the subword drivers in FIGS. 6 and 7. For example,
among the multiple main word lines MWLB, only one main
word line 1s selected (e.g., active) whereas all other main
word lines are unselected (e.g., mnactive). Also, among the
multiple word driver lines FX'T/FXB, only one word driver
line 1s active. For a subword driver associated with a
selected main word line, the supply of non-active potential
VNWL from its own circuit 1s cut off because the n-channel
type transistor 1s turned ofl (due to the active selected main
word line). If the FX'T provided to the subword driver 1s
inactive, however, a non-potential VNWL 1s nonetheless
supplied to the word line to prevent the word line from
floating. For example, the VNWL may be supplied from
another subword driver that 1s in cascade connection through
a common transistor.

For example, with reference to FIG. 6, one main word
line, e.g., may be selected (e.g., at logic low) while other
main word lines are unselected (e.g., at logic high); and one
word driver line, e.g., FXT0/FXB0 may be active while
other word driver lines are 1nactive. In this case, all of the
subword drivers 602, 606, 618, 622 are cut off from VNWL
in their respective own circuit due to selected main word line
MWLB1. When FXT2/FXB2, FXT4/FXB4, FXT6/FXB6
are 1nactive, the VNWL supply for the corresponding sub-
word drivers 606, 618, 612 are provided to their adjacent
subword drivers through the cascade connection. For
example, the VNWL 1s supplied to subword driver 606 from
subword driver 608, which 1s associated with the unselected
main word line MWLB2. When MWLB?2 1s unselected, the
transistor Q9 in subword driver 608 1s turned on, and VNWL
1s coupled to the common transistor Q10 through transistor
Q9. Similarly, the VNWL supplies for subword drivers 618,
612 are provided from subword drivers 620 and 624, respec-
tively.

FIG. 8 1s an example block diagram of a portion of a
memory device according to some examples described 1n the
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disclosure. In some examples, a portion of a memory device,
¢.g., 800, may be implemented in the memory device 10
(FI1G. 1). The portion of the memory device 800 may include
multiple memory cell arrays, e.g., 806. The memory cell
arrays 806 may be arranged in rows and columns. Each
memory cell array 806 may include multiple memory cells.
The portion of the memory device 800 also includes mul-
tiple subword driver (SWD) blocks 810 and multiple sense
amplifier (SA) blocks 808. In some examples, the memory
cell arrays 806, SWD blocks 810 and SA blocks 808 may be
implemented inside a memory cell array 11 (FIG. 1).

In some examples, the SWD blocks 810 are arranged on
the sides of the memory cell array 806. In a non-limiting
example, subword drivers may be placed on one side of a
memory cell array and adjacent to the memory cell array to
provide signals on respective word lines for the memory cell
array. In another non-limiting example, subword drivers
may be placed on two sides of a memory cell array and
adjacent to the memory cell array to provide signals on
respective word lines for the memory cell array. For
example, the word lines for a memory cell array may be
divided into even- and odd-numbered word lines. The sub-
word drivers for even-numbered word lines may be arranged
adjacent to a first side, e.g., left side of the memory cell
array, whereas subword drivers for odd-numbered word
lines may be arranged adjacent to a second side opposite the
first side (e.g., right side) of the memory cell array.

In the example 1n FIG. 8, each of the SWD blocks may
serve an adjacent memory cell array on either side of the
SWD block. Each of the SWD blocks may serve adjacent
memory cell arrays on both sides of the SWD block. For
example, a SWD block may have a first portion and a second
portion, where the first portion 1s coupled to word lines of a
memory cell array adjacent to a first side (e.g., left side) of
the SWD block, and the second portion 1s coupled to word
lines of a memory cell array adjacent to a second side
opposite the first side (e.g., right side) of the SWD block.

In some examples, the subword driver blocks (810) may
be placed on sides of the memory cell arrays (806) 1n a first
direction, e.g., X, whereas the SA blocks 808 may be
arranged on sides of the memory cell arrays 806 1n a second
direction substantially perpendicular to the first direction,
¢.g., Y. For example, as shown 1n FIG. 8, the SWD blocks
may be arranged adjacent left and/or right sides of the
memory cell blocks 806, and SA blocks may be arranged
adjacent upper and/or lower sides of the memory cell blocks
806.

The portion of the memory device 800 may further
include a main word driver (MWD) block 804. In some
examples, the MWD block may include multiple MWDs
coupled to multiple main word lines, respectively. In a
non-limiting, the MWD block may include 128 MWDs to
provide signals on 128 main word lines, e.g., MWLBn to
MWLBn+128, respectively. It 1s appreciated that other suit-
able number of main word lines may be 1mplemented.

In some examples, the portion of the memory device 800
may also include an array control block (ACTL) 802 con-
figured to provide signals on multiple word driver lines
FXT1/FXBj to the SA blocks 810. In some examples, the
MWD block 804 may be implemented 1nside the memory
device 10 (FIG. 1). In some examples, the ACTL block 802
may be implemented 1n one or more row decoder circuits 12
(FI1G. 1) and/or additional circuits 1n the memory device 10
(FI1G. 1). The portion of the memory device 800 may operate
the same as memory device 10 (FIG. 1), 600 (FIG. 6), or 700
(FI1G. 7), thus, the operation of the memory device shown 1n
FIG. 8 1s not repeated.
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FIG. 9A 1s a plan view of an example layout diagram of
subword drivers showing active regions according to some
examples described in the disclosure. In some examples,
layout 900 of subword dnivers may include active regions
that implement multiple subword drivers, such as subword
drivers 1n the memory device 700 (FIG. 7). An active region
may include one or more drains, sources and channels. For
example, an active region may include P+ diffusion mate-
rials or N+ diflusion materials to form p-channel type or
n-channel type transistors, respectively. With reference to
FIG. 9A, the layout 900 may include a p-channel type
MOSFET area 902 and an n-channel type area 904 adjacent
to the p-channel type area. The p-channel type area 902 may
include active regions having P+ diffusion materials and
implement p-channel type transistors in the subword drnivers.
The n-channel type area 904 may include active regions
having N+ diffusion materials and implement n-channel type
transistors 1n subword drivers. As shown in FIG. 9A, the
p-channel type area has multiple sub-regions, e.g., 906 A-D,
cach extending in a first direction such as in columns. The
n-channel type area has multiple sub-regions, e.g., 910A-D,
cach extending in the first direction. It 1s appreciated that,
although only four sub-regions are shown, both the p-chan-
nel type area and n-channel type area may each have any
suitable number of sub-regions. Separating the n-channel
and p-channel type transistors 1in the subword drivers may
provide advantages in optimizing the layout as will be
turther 1llustrated in the present disclosure. In some
examples, the n-channel type area (e.g., 904) may have two
n-channel type sub-regions, e. 2., 910C, 910D which may
have one or more common diffusion regions 920 that merge
the source/drain of two or more transistors. This will be
turther explained 1n FIG. 9B.

FIG. 9B 1s a plan view of an example layout diagram of
the subword drivers in FIG. 9A showing additional layers
according to some examples described in the disclosure. In
some examples, layout 900 may include additional layers
such as a gate layer overlaid on the p-channel type areca 902
and n-channel type area 904 to form p-channel type or
n-channel type transistors. In some examples, the gate layer
may 1nclude multiple gate electrodes. Each gate electrode
may be coupled to a respective main word line MWLB. In
FIG. 9B, four gate electrodes respectively for main word
lines MWLBn-1, MWLBn, MWLBn+1, and MWLBn+2
are shown. Although the layout 900 shows only a portion of
the memory device, 1t 1s appreciated that additional gate
clectrodes for other main word lines may be included.

With further reference to FIG. 9B, the layout 900 may also
include contacts for active regions or gate layers that are
overlaid on the respective active regions in a plan view. As
shown, diffusion contacts may be arranged 1 an active
region on each side of a gate. In the p-channel type area
(902), gate eclectrodes may overlap with active regions
including P+ diffusion materials to form respective p-chan-
nel type transistors. A contact on the active region may be
coupled to a word line WLm+) or a word driver line (e.g.,
FXTDj). FXT word dniver line (e.g., FXTO0, FXT1, FXT2,
FXT3) 1s connected to a common source/drain between
adjacent main word lines (MWLB).

For example, FXTO0, FX'T2 are coupled to respective
common sources/drains between adjacent gate electrodes
assoclated with MWLBn-1 and MWLBn. FXTO0, FXT2 are
also coupled to respective common sources/drains between
adjacent main word lines MWLBn+l and MWLBn+2.
FXT4, FX'T6 are coupled to respective common drains/
sources between adjacent main word lines MWLBn and
MWLBn+1. For each gate, on the opposite side from the
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common source/drain, a respective word line 1s coupled to
the drain/source. For example, along the gate electrode
associated with MWLBn, a word line WLm 1s coupled to a
drain of the transistor Q16, opposite the common source
with transistor Q1. Similarly, along the gate electrode asso-
ciated with main word line MWLBn+1, a word line WLm+2
1s coupled to a drain of the transistor Q17, opposite the
common source with transistor Q19. This pattern repeats for
additional word lines.

In the n-channel type area 904, the gate electrodes overlay
with N+ diflusion sub-regions to form respective n-channel
type transistors. A contact on the active region may be
coupled to a word line WLm+1 or a non-active potential
VNWL. In other words, respective word lines and non-
active potential VNWL are coupled to the drain/source of
cach transistor. For example, transistor Q30 1s formed and
coupled to main word line MWLBn-1 at the gate, and
turther coupled to VNWL and WLm-12 at the drain/source.
Similarly, transistor Q31 1s formed and coupled to main
word line MWLBn at the gate, and further coupled to
VNWL and WLm-2 at the drain/source.

As shown in FIG. 9B, transistors (030, (31 may be
formed 1n a first n-channel type sub-region (e.g., 910C),
where drains or sources of transistors (030, Q31 may be
coupled together to a common VNWL contact. In some
examples, transistors Q5, Q12 may be formed 1n a second
n-channel type sub-region (e.g., 910D) in a similar manner
as transistors Q30, Q31 are formed, where each of Q5, Q12
1s coupled to main word lines MWLBn-1, MW LBn, respec-
tively, at the gate, and further coupled to VNWL and Wiom
at respective drains or sources.

In some examples, a {irst active region (e.g., N+ diffusion
region) that forms drains/sources of transmtors 030, Q31 1mn
the n-channel sub-region 910C 1s merged at a common
diffusion region 920 with a second active region (e.g., N+
diffusion region) that forms transistors Q5, Q12 1in the
n-channel sub-region 910D. In other words, the drains/
sources of transistors Q30 Q31, Q3, Q12 are merged via a
common diffusion reglon 920 and share a contact for
VNWL. As shown i FIG. 9B, the common contact for
VNWL may be coupled to the first active region in the first
n-channel type sub-region 910C. Alternatively, the common
contact for VNWL may be coupled to the second active
region 1n the second n-channel type sub-region 910D. In
some examples, the n-channel type area 904 may include
other n-channel type sub-regions, e.g., 910A and 910B. The
layout o1 910A, 910B may be configured 1n a similar manner
as that of 910C and 910D, 1n some embodiments.

With further reference to FIG. 9B, transistors Q13, Q18
may be formed in the second n-channel type sub-region
(e.g., 910D) and coupled to main word lines MWLBn+1,
MWLBn+2, respectively, at the gate, and further coupled to
a common VNWL and WLm+16 at the drain/source. The
common VNWL may be in the first n-channel type sub-
region, e.g., 910C, where the drains/sources of Q13, Q18 are
coupled together to the common VNWL via a respective
common diffusion region 920.

With further reference to FIG. 9B, common transistors in
subword drivers (e.g., common transistors i FIGS. 5-7)
may be formed in the n-channel type area 904 between two
adjacent gate electrodes, where each common transistor may
be coupled to respective drains/sources at outputs of difler-
ent subword drnivers, where the outputs are coupled to
respective word lines. For example, between the gate elec-
trode MWLBn+1 and adjacent gate electrode MWLBn+2,
another gate 1s disposed overlaying with the N+ diffusion
sub-region 910A to form a common n-channel type transis-
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tor. The common n-channel type transistor 1s coupled to a
word driver line at the gate and two drains/sources of
different subword drivers. For example, a common transistor
Q13 1s formed between different drains/sources at outputs of
different subword drivers that are coupled to word lines
WLm+8 and WLm+10, respectively. The common transistor
Q135 may be coupled to the word driver line FXB6 at the
gate. Now referring to FIG. 7, transistor Q15 1n FIG. 9B also
corresponds to transistor Q15 1n FIG. 7. Similarly, between
adjacent main word lines MWLBn+1 and MWLBn+2, on
the N+ diffusion sub-region 910B, a gate 1s disposed
between drains/sources at outputs of the different subword
drivers that are coupled to word lines WLm+6 and WLm+
12, respectively, and 1s coupled to the word dniver line
FXB4. This forms another common transistor Q14, which 1s
coupled between drains/sources at outputs of diflerent sub-
word drivers that are coupled to word lines WLm+6 and

WLm+12, respectively. This transistor corresponds to the
transistor Q14 1n FIG. 7.

Returming to FIG. 9B, the width of the N+ diffusion
sub-regions (e.g., the N+ diflusion sub-region 910A) may
include a portion 912 at where the gate FXB6 intersects that
1s narrower than other portions of the sub-region. The
narrower portion 912 may define, at least 1n part, a recess
area to accommodate layout space for the gate FXB6.
Similarly, another N+ diffusion sub-region 910B may also
include a portion 914 at where the gate FXB4 intersects that
1s narrower than other portions of the sub-region. The
narrower portion 914 may define, at least 1n part, a recess
area to accommodate layout space for the gate FXB4. In the
example shown, two recess areas formed by narrow portions
912 and 914 1n adjacent N+ diffusion sub-regions 910A,
910B may be adjacent to each other, allowing the two
adjacent N+ diflusion sub-regions to be close to each other,
while accommodating the gates for the common transistors
Q14, Q15. This facilitates a reduction of layout dimension.

With further reference to FIG. 9B, additional common
transistors in the circuit 1n FIG. 7 may be formed in the
n-channel type area 904, such as Q6, Q7, 08, Q9, Q10, and
(Q11. Additionally, other n-channel type transistors in sub-
word drivers may be formed 1n the n-channel type area 904,
on each gate electrode that 1s coupled to a respective main
word line. For example, an n-channel type transistor Q3
(corresponding to the transistor Q5 1 FIG. 7) 1s formed over
the gate electrode associated with main word line MWLBn-
1, with drain/source coupled respectively to word line
WLm-14 and the non-active potential VNWL, respectively.
In another example, an n-channel type transistor Q18 (cor-
responding to the transistor Q18 1 FIG. 7) 1s formed over
the gate electrode associated with main word line MWLBn+
2, Additional n-channel type transistors in the subword
driver block 704 (FIG. 7) may be formed in the n-channel
type area 904 of the layout 900 in a similar manner.

In some examples, the n-channel type transistors that are
formed over two adjacent gate electrodes may share a
common contact. For example, transistor QS and transistor
(Q12 share a common diffusion contact coupled to a non-
active potential VNWL. In another example, transistor Q10
and transistor Q12 share a common contact coupled to a
corresponding word line (e.g., WLm).

With further reference to FIG. 9B, the p-channel type
transistors 1n the subword driver block 704 may be formed
in the p-channel type area 902 of the layout 900. For
example, p-channel type transistors Q1, Q16, Q17, and Q19
(corresponding to transistors Q1, Q16, Q17, and (Q1.9) may
be formed over respective gate electrodes in an P+ diffusion
sub-region 906B. For example, p-channel type transistor Q1
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1s formed over the gate -electrode associated with
MWLBn-1 with two contacts on each side of the gate
clectrode, where the two contacts are coupled to a word line
(e.g., WLm-14) and a word driver line (e.g., FXTO0), respec-
tively.

In the example 1n FIG. 9B, even-numbered word lines are
shown 1n the layout 900, which may implement the subword
driver block 704 (FI1G. 7). With reference to FIGS. 7, 8 and
9B, 1t 1s appreciated that the circuit implemented 1n the
layout 900 may implement one or more SWD blocks 810.
For example, for a given memory cell array 806, subword
drivers associated with even-numbered word lines for the
grven memory cell array may be laid out 1in a similar manner
as shown 1n FIG. 9B and arranged adjacent to the left side
of the memory cell array. Stmilarly, subword drivers asso-
ciated with odd-numbered word lines for the memory cell
array may be laid out 1n a similar manner as shown in FIG.
9B and arranged adjacent to the right side of the memory cell
array. In some embodiments of the disclosure, the layout of
the subword drivers associated with the odd numbered word
lines may be arranged 1n a mirror arrangement relative to the
subword drivers associated with the even numbered word
lines.

FIG. 9C 1s a plan view of an example layout diagram of
the subword drivers 1n FIGS. 9A and 9B showing some or
additional layers according to some examples described 1n
the disclosure. In some examples, the layout 900 may further
include one or more metal wiring layers above the active
regions and gate layers and contacts for the multiple word
lines (as shown 1n FIG. 9B) that are coupled to the wiring
layer to couple to respective memory cells in the memory
cell array.

As shown 1n FIG. 9C, the coupling of drains/sources of
transistors at common diffusion regions 920 allows the use
of a VNWL contact to couple to n-channel type sub-regions
910C and 910D, for example. In some embodiments of the
disclosure, the common diffusion regions 920 allows a
VNWL, contact to be eliminated from the second n-channel
type sub-region 910D (as shown). This may facilitate easier
layout of the interconnections (e.g., wirings for word lines).
For example, as contacts for word lines WLm-12 and
WLm-14 are close in pitch to each other in a lateral
direction (e.g., a first direction X), the associated intercon-
nections 924, 926 to which the contacts are coupled may be
laid out 1n a manner which would accommodate the posi-
tions of the contacts. For example, the interconnection 924
may be wider 1n at least part of the n-channel sub-region
910D to accommodate the contact for WLm-14 to reduce an
offset between the contact and the interconnection. In
another example, the interconnection 926 may include a
bend portion 942 between the first n-channel sub-region
910C and the second n-channel sub-region 910D to allow
proper spacing from the interconnection 924.

In some examples, two interconnections 930, 932 that are
adjacent to the common VNWL contact 1n the plan view
may be laid out around a contact wiring 946 coupled to the
contact for the common VNWL by forming a recess arca 944
in-between 1n the first re-channel sub-region 910C to accom-
modate the wiring 946. The mterconnections 930, 932 may
further extend from the first n-channel sub-region 910C to
the second n-channel sub-region 910D 1n a second direction
(e.g., Y) that 1s substantially perpendicularly to the first
direction (e.g., X) to couple to a respective memory cell 1n
the memory cell array (e.g., 806 1n FIG. 8). The intercon-
nections 934, 936 may be laid out to accommodate the
contacts for WLm-2, WLm, 1n a similar manner as the
interconnections 924, 926. With further reference to FIG.
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9C, other interconnections for word lines WLm+2, +4, . ..
WLm+16 may be laid out 1n a similar manner as the
interconnections Whm-14, =12, . . . WLm.

In some examples, the interconnections for various word
lines WLm+j may include a wiring layer, such as metal O
(zero). The layout of the mterconnections as disclosed 1n the
present disclosure may provide advantage in reducing the
word line pitch. For example, interconnection pitch may be
measured by the number of interconnections 1n a distance L
in direction X. The greater the number of interconnections
the greater the pitch. With reference to FIGS. 9B and 9C, the
distance L spans a congested area including three transistors
5, Q12, Q10, 8 word lines (WLm-14,-12, ..., WLm) and
a FXBO0 contact. The layout configuration shown 1n FIG. 9C
results 1n a reduced number of interconnections for the same
dimension L because a VNWL contact 1s eliminated 1n the
n-channel sub-region 910D. Instead, the VNWL 1n the
n-channel sub-region 910C 1s shared via the common dif-
fusion region 920.

FIGS. 10A-10C 1llustrate a variation of the layout dia-
gram 1n FIGS. 9A-C. For example, FIG. 10A 1s a plan view
of an example layout diagram of subword drivers showing
active regions according to some examples described in the
disclosure. FIG. 10B 1s a plan view of an example layout
diagram of the subword drivers i FIG. 10A showing
additional layers according to some examples described 1n
the disclosure. FIG. 10C 1s a plan view of an example layout
diagram of the subword drivers in FIGS. 10A and 10B
showing some or additional layers according to some
examples described in the disclosure. A layout 1000 may
implement the same subword driver block in FIGS. 9A-C 1n
a similar manner, the description of the layout and operation
of the subword driver block will not repeated.

A vanation shown i FIGS. 10A-C includes a diflerent
arrangement of the p-channel type and n-channel type
MOSFET regions. As shown in FIG. 10A, a layout 1000
includes a p-channel type area 1003 disposed between
adjacent n-channel type areas 1002 and 1004. Comparing
FIGS. 10A-C to FIGS. 9A-C, 1t 1s shown that the n-channel
type area 1004 in layout 1000 1s split into a first area of
n-channel type sub-regions and a second area of n-channel
type sub-regions, each area placed on opposite sides of the
p-channel type area. For example, a first area of n-channel
type sub-regions 1002 may correspond to the n-channel type
sub-regions 910A, 9109 in FIG. 9A; and a second area of
n-channel type sub-regions 1004 may correspond to the
n-channel type sub-regions 910C, 910D 1n FIG. 9A. Similar
to FIG. 9A, active regions in adjacent n-channel type
sub-regions may be merged at one or more common diflu-
sion regions. For example, active regions (N+) in n-channel
type sub-regions 1010A, 1010B may be merged at one or
more common diffusion regions 1020. Similarly, active
regions (N+) 1n n-channel type sub-regions 1010C, 1010D
may be merged at one or more common diffusion regions
1020.

With reference to FIG. 10B, 1n the first area of n-type
sub-regions 1002, common transistors Q10, Q11 included 1n
different subword drivers are formed 1n cascade connections
between different drains/sources at outputs of the diflerent
subword drivers, which are respectively coupled to word
lines 1n a stmilar manner as Q10, Q11 are formed 1n FIG. 9B.
Similar to FIG. 9B, common transistors Q10, Q11 also
correspond to transistors Q10, Q11 in FIG. 7. In the second
area ol n-type sub-regions 1004, common transistors (014,
Q13 included 1n different subword drivers are formed 1n
cascade connections between different drains/sources at
outputs of the different subword drivers, which are respec-
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tively coupled to word lines 1n a similar manner as Q14, Q15
are formed 1n FIG. 9B, Similar to FIG. 9B, common
transistors (Q14, Q15 also correspond to transistors (14,
Q135 1n FIG. 7. As shown 1n FIGS. 10A-C, the layout 1000
becomes symmetric. This may provide advantages in
designing the layout of the circuat.

With further reference to FIG. 10B, similar to FIG. 9B, a
first active region (N+) that forms drains/sources of transis-
tors (Q30, Q31 1n the n-channel sub-region 1010A 1s merged
at a common diffusion region 1020 with a second active
region (N+) that forms transistors 03, Q12 in the n-channel
sub-region 1010B. In other words, the drains/sources of
transistors Q30, Q31, Q5, Q12 are merged via a common
diffusion region 1020 and share one contact for VNWL.
Transistors Q30 and Q5 may be coupled to main word lines
MWLBn-1 at respective gates, and transistors Q31, Q12
may be coupled to main word lines MWLBn at respective
gates. As shown in FIG. 10B, the common contact for
VNWL may be coupled to the first active region 1n the first
n-channel type sub-region 1010A. Alternatively, the com-
mon contact for VNWL may be coupled to the second active
region 1n the second re-channel type sub-region 1010B. In
some embodiments of the disclosure, n-channel type sub-
regions 1n 1004 may include n-channel type sub-regions
1010C and 1010D, the layout of which may be similar to that
of the n-channel type sub-regions 910A, 910B of FIG. 9B.

The layout shown in FIG. 10C may be similar to that in
FIG. 9C. For example, as shown, respective drains/sources
in the n-channel type sub-region 1010B may be coupled to
a corresponding common VNWL contact in the n-channel
type sub-region 1010A, the layout of the interconnections
WLm-14, -12, . . ., WLm-8 and WLm-6, -4, WLm may
be configured 1n a similar manner as in FIG. 9C, which will
not be repeated. Vanations of the layout shown 1n FIG. 10C
may also be possible. For example, the common VNWL
contacts may be in the other n-channel type sub-region
1010B, instead of 1010A.

FIGS. 11A-C illustrate another variation of the layout
design 1n FIGS. 9A-C. For example, FIG. 11A 1s a plan view
of an example layout diagram of subword drivers showing
active regions according to some examples described in the
disclosure. FIG. 11B 1s a plan view of an example layout
diagram of the subword drivers 1n FIG. 11 A showing addi-
tional layers according to some examples described in the
disclosure. FIG. 11C 1s a plan view of an example layout
diagram of the subword drivers i FIGS. 11A and 11B
showing some or additional layers according to some
examples described in the disclosure. A layout 1100 may
implement the same subword driver block as FIGS. 9A-C
and 10A-C 1n a similar manner, the description of the layout
and operation of the subword driver block will not repeated.

A variation shown in FIGS. 11A-C includes a different
arrangement of the p-channel type and n-channel type areas.
As shown 1n FIG. 11A, a layout 1100 includes an n-channel
type area 1103 disposed between adjacent p-channel type
arcas 1102 and 1104. Comparing FIGS. 11A-C to FIGS.
9A-C, 1t 1s shown that the p-channel type area 902 in layout
900 1s split into a first area of p-channel type sub-regions and
a second area of p-channel type sub-region, which are placed
on opposite sides of the n-channel type area. For example,
a {irst area of p-channel type sub-regions 1102 in FIG. 11A
may correspond to the p-channel type sub-regions 906 A,
906B in FIG. 9A; and a second area of p-channel type
sub-regions 1104 1n F1G. 11A may correspond to the p-chan-
nel type sub-regions 906C and 906D.

With reference to FIG. 11 A, similar to FIG. 9A, active

regions 1n adjacent n-channel type sub-regions in the
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n-channel type area 1103 may be merged at one or more
common diffusion regions. For example, active regions (IN+)
in n-channel type sub-regions 1110A, 1110B may be merged
at one or more common diffusion regions 1120. Similarly,
active regions (N+) 1n n-channel type sub-regions 1110C,
1110D may be merged at one or more common diffusion
regions 1120.

With reference to FIG. 11B, the n-channel type area 1103
has a similar layout as the n-channel type area 904 in F1G.

9B. For example, common transistors 10, Q11 included 1n
different subword drivers are formed 1n cascade connections
between drains/sources at outputs of the different subword
drivers, which are respectively coupled to word lines 1n a
similar manner as Q10, Q11 in FIG. 9B are formed. Similar
to FIG. 9B, the common transistors (010, Q11 also corre-
spond to transistors Q10, Q11 1n FIG. 7. In another example,
common transistors Q14, Q15 included 1n different subword
drivers are formed in cascade connections between drains/
sources at outputs of different subword drivers, which are
respectively coupled to word lines 1 a similar manner as
Q14, Q15 in FIG. 9B are formed. Similar to FIG. 9B, the
common transistors (Q14, Q15 also correspond to transistors
Q14, Q15 m FIG. 7. As shown 1n FIGS. 11A-C, the layout
1100 also becomes symmetric. This may provide advantages
in optimizing the layout design of the circuit. In addition,
when the n-channel type area 1s between two p-channel type
areas, the p-type well can be separated from other regions,
so that the back bias of the n-channel type area can be
changed from VBB (-0.5V) to VSS. A shallow back bias
may provide the advantage of improving the resistance to
hot carriers 1n the semiconductor device.

With further reference to FIG. 11B, similar to FIGS. 9B
and 10B, a first active region (N+) that forms drains/sources
of transistors (Q30, Q31 in the n-channel sub-region 11108
1s merged at a common diffusion region 1120 with a second
active region (N+) that forms transistors Q5, Q12 in the
n-channel sub-region 1110A. In other words, the drains/
sources of transistors (030, Q31, Q5, Q12 are merged via a
common diffusion region 1120 and share one contact for
VNWL. Transistors Q30 and Q5 may be coupled to main
word lines MWLBn-1 at respective gates, and transistors
31, Q12 may be coupled to main word lines MWLBn at
respective gates. As shown in FIG. 11B, the common contact
for VNWL may be coupled to the first active region 1n the
n-channel type sub-region 1010B.

Alternatively, the common contact for VNWL may be
coupled to the second active region 1in the n-channel type
sub-region 1010A. In some embodiments of the disclosure,
the layout of the n-channel type sub-regions 1110C, 1110D
may be arranged in a mirror arrangement relative to the
layout of the n-channel type sub-regions 910A, 910B.
Although the common VNWL contacts are in the n-channel
type sub-region 1110C, common VNWL contacts may also
be 1n the n-channel type sub-region 1110D, instead.

The layout shown in FIG. 11C may be similar to that in
FIGS. 9C and 10C. For example, as shown, common VNWL
contacts may be in the n-channel type sub-region 1110B, and
respective drains/sources 1n the n-channel type sub-region
1110A may be coupled to a correspondmg common VNWL
contact 1in the n-channel type sub-region 1110B. The layout
of the interconnections WLm-14, —12, , WLm-8 and
WLm-6, —4, . WLm may be conﬁgured in a similar
manner as 1n FIG. 9C which will not be repeated. Variations
of the layout shown 1n FIG. 11C may also be possible. For
example, the common VNWL contacts may be 1n the other
n-channel type sub-region 1110A, instead of 1110B.
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FIGS. 1-11 provide various advantages in optimizing the
layout of subword driver blocks by reducing the pitch of
interconnections. For examples, common diffusion regions
may be formed to merge two active regions. In such con-
figuration, common VNWL contacts for two active regions
may be possible, eliminating VNWL contacts 1n adjacent
active regions. This reduction of VNWL contacts makes 1t
possible to reduce the pitch of interconnections in the
semiconductor layout. Further, FIGS. 9-11(A-C) provide
various configurations of the layout of subword driver block
with routing and placement of wiring that may be advanta-
geous 1n minimizing the complexity and reducing the pitch
of word lines 1n the layout design.

From the foregoing 1t will be appreciated that, although
specific embodiments of the disclosure have been described
herein for purposes of illustration, various modifications
may be made without deviating from the spirit and scope of
the disclosure. Accordingly, the scope of the disclosure
should not be limited any of the specific embodiments
described herein.

What 1s claimed 1s:

1. A semiconductor device comprising:

a first area of a subword driver block, the first area
comprising:

a first active region on which a first transistor and a second
transistor are formed, the first active region extending
in a first direction, the first and second transistors
coupled to different main word lines;

a second active region on which a third transistor and a
fourth transistor are formed, the second active region
extending 1n the first direction;

a fifth transistor coupled to the first transistor;

a sixth transistor coupled to the third transistor, the fifth
transistor coupled to a first word driver line, the sixth
transistor coupled to a second word driver line different
from the first word driver line;

a diffusion reglon configured to merge the first and second
active regions; and

a contact on the first active region between the first
transistor and the second transistor 1n a second direc-
tion that i1s perpendicular to the first direction and
coupled to a non-active potential,

wherein third and fourth transistors are coupled to the
non-active potential via the contact and the diffusion
region.

2. The semiconductor device of claim 1, wherein the
diffusion region 1s merged with drains/sources of the {first,
second, third and fourth transistors.

3. The semiconductor device of claim 1, wherein the
contact 1s coupled to the drains/sources of the first and
second transistors.

4. The semiconductor device of claim 3, wherein the
drains/sources of the first and second transistors are coupled
to output of first and second subword drivers, respectively.

5. The semiconductor device of claim 4, wherein the
sources/drains of the first and second transistors are further
coupled to first and second word lines of a memory cell
array, respectively.

6. The semiconductor device of claim 1 further compris-
ng:

a lirst gate electrode, wherein the first gate electrode
overlaps with the first and second active regions to
form the first and third transistors; and

a second gate electrode, wherein the second gate electrode
overlaps with the first and second active regions to
form the second and fourth transistors.
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7. The semiconductor device of claim 6, wherein the first
gate electrode 1s coupled to a first main word line of the
different main word lines and the second gate electrode 1s
coupled to a second main word line of the different main
word lines.

8. The semiconductor device of claim 7, wherein the first,
second, third and fourth transistors are of a first conductivity

type.

9. The semiconductor device of claim 1 further compris-
ing first and second interconnections and a wiring 1n-
between the first and second interconnections, wherein the
wiring 1s coupled to the contact.

10. The semiconductor device of claim 9, wherein the first
and second interconnections are configured to form a recess

in-between to accommodate the wiring.

11. The semiconductor of claim 10 further comprising a
second area of a subword driver block, the second area
adjacent to the first region and comprising:

one or more active regions; and

a plurality of transistors formed on the one or more active
regions and a respective gate electrode of a plurality of
gate electrodes,
wherein the plurality of transistors are of a second

conductivity type.

12. The semiconductor device of claim 9, wherein the first
and second active regions extend along a first direction and
the first and second interconnections extend along a second
direction substantially perpendicular to the first direction.

13. A semiconductor device comprising:

a first area of a subword driver block, the first area
comprising;

a first active region extending 1n a first direction and
having a first portion, on which a first transistor and a
second transistor are formed, and a second portion, the
second portion being narrower than the first portion, the
first and second transistors coupled to different main
word lines;

a second active region extending in a first direction and
having a third portion, on which a third transistor and
a fourth transistor are formed, and a fourth portion, the
fourth portion being narrower than the third portion;

a fifth transistor coupled to the first transistor;

a sixth transistor coupled to the third transistor, the fifth
transistor coupled to a first word driver line, the sixth
transistor coupled to a second word driver line different
from the first word driver line;

a diffusion region connecting the first portion and the third
portion and configured to merge the first and second
active regions; and

a contact on the first active region between the first
transistor and the second transistor 1n a second direc-
tion that i1s perpendicular to the first direction and
coupled to a non-active potential,
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wherein third and fourth transistors are coupled to the
non-active potential via the contact and the diffusion
region.

14. The semiconductor device of claim 13, wherein the
diffusion region 1s merged with drains/sources of the {first,
second, third and fourth transistors.

15. The semiconductor device of claim 13, wherein the
contact 1s coupled to the drains/sources of the first and
second transistors.

16. The semiconductor device of claim 15, wherein the
drains/sources of the first and second transistors are coupled
to output of first and second subword drivers, respectively.

17. The semiconductor device of claim 16, wherein the
sources/drains of the first and second transistors are further
coupled to first and second word lines of a memory cell
array, respectively.

18. The semiconductor device of claim 13 further com-
prising;:

a lirst gate electrode, wherein the first gate electrode
overlaps with the first and second active regions to
form the first and third transistors; and

a second gate electrode, wherein the second gate electrode
overlaps with the first and second active regions to
form the second and fourth transistors.

19. The semiconductor device of claim 18, wherein the
first gate electrode 1s coupled to a first main word line of the
different main word lines and the second gate electrode 1s
coupled to a second main word line of the different main
word lines.

20. The semiconductor device of claim 19, wherein the
first, second, third and fourth transistors are of a first
conductivity type.

21. The semiconductor device of claim 13 further com-
prising {irst and second interconnections and a wiring 1n-
between the first and second interconnections, wherein the
wiring 1s coupled to the contact.

22. The semiconductor device of claim 21, wherein the
first and second interconnections are configured to form a
recess in-between to accommodate the wiring.

23. The semiconductor of claim 22 further comprising a
second area of a subword driver block, the second area
adjacent to the first region and comprising;

one or more active regions; and

a plurality of transistors formed on the one or more active
regions and a respective gate electrode of a plurality of
gate electrodes,

wherein the plurality of transistors are of a second con-
ductivity type.

24. The semiconductor device of claim 21, wherein the
first and second active regions extend along a first direction
and the first and second interconnections extend along a
second direction substantially perpendicular to the first
direction.
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